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A homely analogy introduces thts issue devoted to 


Severe Service 


“T get 25,000 miles on a set of 
tires,’ says John. “Don’t see how you do 
it,’ says Jim, “I do well if I get 12,000.” 


Also present is friend George, who 
asks some questions and learns that John 
does little driving in traffic, sticks to hard- 
finish roads, seldom exceeds a speed of 40 
miles per hour, and averages 15,000 miles 
per year; while Jim drives to and from the 
city daily, takes a rough and rugged road to 
his camp each week-end, pushes the throttle 
right to the floor, and totals about 7,000 
miles per year. 


George states that the reason for 
the difference in tire life is all clear to him 
and offers to bet that John gets more miles 
per gallon than Jim, uses less oil, has his 
brakes relined less frequently, and in gen- 
eral pays less for repairs. 


Things turn out to be as George 
surmised, and then, of course, he has to ex- 
plain how frequent starting and stopping, 
high speed, rough roads, and age cut down 
tire mileage; that using the brakes wears 
them out; that oil and gas consiimption and 


wear of all parts of the mechanism are 
ereater at high speeds. 


What George says, in effect, is that 
John is asking of his automobile a normal 
service, while Jim is demanded a service 
that is severe. 


The conversation influences Jim in 
two ways: Since he wants to run his car at 
cost as low as possible consistent with re- 
sults, he decides to give the machine more 
considerate treatment; and he decides that 
he ought to look around to see if he can find 
tires, brake lining, oil, and gas that are espe- 
cially adapted to the kind of service he 
demands. 

Substitute for John and Jim the men 
whose problems concern service-to-produc- 
tion equipment in industrial plants. Let this 
issue of Industrial Engineering take the 
place of George. It defines the conditions 
that mean severe service, not in generalities, 
but by citing specific installations, telling 
what the conditions are, what has been done 
to improve them, and how to carry on in 
spite of them. 
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Spare control equipments are cut in 


Severe Servicela: 






















Acid-laden moisture is 
gradually reducing this 
complete cooling tower 
installation to scrap. 
Rust-inhibitive and cor- 
rosive-resistant paints 
fail to check the progress 
of steady decay. 


Exposed to atmospheric 
changes although pro- 
tected from the weather, 
this coke bin operating 
mechanism functions al- 
most continually with a 
minimum of attention. 
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AY in and day out, uninter- 
rupted service is the primary 
requisite for equipment used 

in steel making at the plants of the 
Tennessee Coal, Iron and Railroad 
Company, Birmingham, Ala., where 
finished products consist chiefly of 
rails; rail fastening equipment such 
as tie plates, splice bars, spikes, track 
bolts and nuts; sheets, bars, pig iron, 
structural beams and channels, con- 
crete reinforcing rods, cotton ties 
and hoops, plates ; and fertilizer from 
basic slag. 

Not only does this requirement of 
uninterrupted service refer to pro- 
duction equipment but also to the 
equipment defined as “tributary to 
production” and which is under dis- 
cussion in this article. 

In steel plants many severe service 
conditions cannot be changed, so the 
thing to do is to provide suitable 
equipment with adequate protection 
wherever possible. How this is done 
at the Ensley and Fairfield plants is 
best described by covering each plant 


* * *- * 


Where the life of a belt is measured 
in months. Pig-casting drive and con- 
trol equipment operates only when 
conditions are at their worst: vibra- 
tion from dropping the pig on the 
apron; shock loads due to irregularity 
of conveyor operation; lime and ore 
dust from spraying molds and pigs; 
and acid-laden moisture from the 
water spray used to cool the pigs. 











‘ut in 









the instant trouble is detected. 


EXPOSURE 





SHOCK LOADS 





ABRASIVE DUSTS 
REVERSING SERVICE HIGH SPEEDS 


ATMOSPHERIC CHANGES 
EXCESSIVE HEAT 
CONTINUOUS SERVICE 
MOISTURE 


VIBRATION 


ACID FUMES 


eJas Exemplified in the 
STEEL INDUSTRY 





separately in the line of production. 

In the rear of the blast furnaces 
at Ensley and under the stock bins 
are the lorries that convey the 
weighed material to the skip hoists 
which feed the furnaces. These lor- 
ries are one-man operated, electri- 
cally-driven cars taking power from 
an overhead d.c. source at 240 volts. 
It is reasonably dry here but abrasive 
dusts abound from handling ores, 
coke and limestone. 

As a safeguard against the whip- 
ping of the usual type of figure-8 
trolley wire between supports, chan- 
nel iron has been installed in a 
wooden gutter which also serves to 
protect the trolley wheel in making 
contact with the overhead conduc- 
tor. Even with this protection, the 
graphite bushing in the solid brass 
wheel used has a life of only 19 to 
24 days. The length of the runs 
varies from a few feet to several 
hundred feet; in normal operations 
approximately 1,200 trips per day are 
made. 

The motive power of each lorry 
consists of a 25-hp. railway motor 
driving through exposed, double-re- 
duction gears. Reversing and stop- 


ping of these motors is accomplished 
by plugging without the use of 
brakes, which is common practice in 
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steel mills for this class of service, 
roller tables, etc. As the lorries 
weigh several tons and carry a load 
of five tons or more considerable in- 
ertia and momentum must be han- 
dled by the motors. To make them 
stand up under this service, exposed 
as they are to a great deal of dirt 
and abrasive dust, they are regularly 
cleaned and painted about every 
forty days. 

Open, face-plate type controllers 
equipped with magnetic blowout coils 
and wire-wound resistors are used. 
Due to ordinary wear and tear plus 
the action of the abrasive dusts the 
controller segments must be renewed 
about every six months. With this 
type of controller, protection from 
abrasive dusts is impossible, but it 
is a desirable type for this service 
from the standpoint of vibration 
which takes its toll on the cast-grid 
resistor ordinarily used in railway 
work. In the more modern plants 
of the Tennessee Coal, Iron & Rail- 
road Company, however, inclosed, 
drum-type controllers are used and 
wherever the resistors travel with the 
controlled apparatus and are exposed 
to rough treatment they are of the 
non-breakable type. 

Transmission gears, like the con- 
trollers, are open and subject to dust. 


‘material ever present. 


Beside being treated with dope, they 
receive no lubrication, which would 
have a tendency to keep the abrasive 
Tooth wear 
is expected and tolerated as well as 
the shock loads from plugging the 
motors in lieu of brakes. Therefore, 
wide-faced, steel, cut gears are em- 
ployed. 

The lorries deposit their loads into 
the skips, which are driven by elec- 
tric hoists in the more modern plants 
and by steam engines in the older 
plants. The installation shown is a 
200-hp., d.c., multi-voltage, double- 
drum hoist making a 100-ft. lift ap- 
proximately every 30 seconds. A 
total of 120 charges are conveyed to 
each furnace every day, each charge 
consisting of 10 cars of material. 

This equipment is located in an en- 
tirely inclosed room having normally 
but two openings for the ropes so 
as to keep out as much abrasive dust 
as possible. However, the equipment 
must not suffer for adequate ventila- 
tion. A 9-cell air filter complete with 
blower forces cooling air through the 
filter where the dust is caught, al- 
lowing only clean, cool air to circu- 
late through the equipment and out 
by way of the rope holes. In order 
to keep the filter functioning at high 
efficiency a cell per day is removed to 
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Stability is emphasized in this 5,000- 
hp. rail-mill drive. It is isolated from 
the mill so that it will not be subject 
to dust and iron particles generated 
in the mill. Even so, dust caused 
the only delay experienced in the six 
years that it has been operating con- 
tinuously. 


Drive mechanisms controlling the flow 
of the charge ingredients to the scale 
car below. Before-and-after-thought 
protection is provided against abrasive 
dusts. The brakes on the extended 
shafts prevent motor drift and incor- 
rect weight of the charge. 


be cleaned. A spare cell takes its 
place. The cell removed one day be- 
comes the spare cell for the next day 
after it has been cleaned and treated. 

To reduce the possible contamina- 
tion of lubrication from these abras- 
ive dusts, totally-inclosed, herring- 
bone reduction gears operating in a 
bath of oil are used. It is impossible 
to fully protect other equipment such 
as commutators, brushes and brake 
linings in the same manner, as is 
done with the gearing; nevertheless, 
the air filter seems to be doing a good 
job judging from the slight amount 
of dust present. It has been neces- 
sary to undercut the mica and resur- 
face the commutator of the main 
motor but once in the two years of 
its operation. Ordinarily the equip- 
ment is thoroughly cleaned every 90 
days. The lubricants are changed 
every six months. 

Where the main motor is operat- 
ing intermittently, its m. g. set is in 
24-hr. continuous service and for the 
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2-year period it has required only one 
set of brushes in addition to a bear- 
ing lining which was damaged when 
the babbitt lost its anchorage. 
Continuous service is here of such 
prime importance that arrangement 
has been made to provide the hoist 
motors with power from two sources. 
Ordinarily they are operated from 
the motor-generator set with the 
multi-voltage control already men- 
tioned. Should the motor-generator 


set, or the multi-voltage control, be 
in trouble, a second set of controls 
taking power directly from the gen- 
eral plant d.c. feeders is provided. 
In addition to the usual overload pro- 
tection on the motor equipment, there 
is added protection to prevent struc- 
tural damage in case the skip jumps 
the track. Slack rope actuates a 
tripping device which opens the main 
motor control circuit just like a limit 
switch on a crane. 
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In the original installation all con- 
duit was located underground but 
moisture carrying ore dust found its 
way to the conductors and tied up op- 
erations. To prevent recurrence all 
wiring, which now consists of lead- 
covered cable, is installed overhead 
and mounted on treated wood blocks. 

Stresses generated by the picking 
up of the load are absorbed in the 
steel hoisting ropes and partly in the 
flexible, _ laminated-steel couplings 
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which are principally used between 
the motor and the drum to correct 
for misalignment of shafting. 

Steel plants need electric power for 
their operation and the steam to 
drive the turbines is usually produced 
wholly from the blast furnace gas 
which is a by-product of the blast 
furnace. Here this gas is cleaned by 
electrical precipitators instead of the 
washing process wherein much heat 
is abstracted from the gas before it 


Underground conveying belt system, 
handling all charge material except- 
ing coke. The two belts and the 
chute in the foreground discharge to 
the belt underneath at the left which 
carries the material to its respective 
bins above. The control and switch 
boxes are felt lined to keep out the 
ore dust which, when moist, is a good 
conductor. 


Like the lorry, this charging crane is 
also without brakes, so the motors are 
used to supply the braking effort 
necessary to retard its movements. 
Then there are other adverse operat- 
ing conditions such as heat, vibration, 
abrasive dust and shock loads, all of 
which must be tolerated. 


is burned. After the steam passes 
through the turbines it is condensed 
and this condensate is used again as 
boiler feed water. Cooling water for 
condensing purposes is used over and 
over. Cooling towers are used for 
reducing the temperature of this 
water. These towers, depending on 
the cooling necessary, require from 
20 to 30 motor-driven fans to force 
air through the downward flow of 
water. They are driven by direct- 
connected 10-hp., 450-r.p.m. motors 
and are totally inclosed as protection 
against the effects of moisture and 
deteriorating gases. 

All wiring is inclosed, as is con- 
trol equipment, but under continuous 
operation amid these conditions dis- 
integration is extremely rapid. The 
conduit was installed less than three 
years ago, but it must soon be en- 
tirely replaced. Also, the wrought- 
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iron switch boxes, which are made 
at the plant, are to be renewed at 
the same time. 

Paint of a rust-inhibitive nature is 
applied from time to time but it soon 
wears off. Even though these con- 
ditions exist the motors stay on the 
job for an average of 2% years be- 
fore it becomes necessary to take 
them to the shop for major repairs. 

Cross-the-line oil switches having 
overload protection constitutes the 
control equipment. The average life 
of the wrought-iron inclosing boxes 
is about two years. Although this 
entire equipment is in continuous op- 
eration under conditions of heat and 
cold, as well as moisture and acid 
fumes, the majority of trouble comes 
from bearings which are under very 
little pressure. The motor sleeve 
bearings are ring lubricated and last 
from 3 to 4 years; however, the 
fiber thrust washer must be renewed 
every six months. It is usually re- 
placed when the lubricant is being 
changed. 

When not all of the molten iron 
made by the furnaces can be used 
in the open hearth, or shipment is 
to be made in pig form, what re- 
mains is taken to pig-casting ma- 
chines, which are driven by 50-hp., 
500-r.p.m., 250-volt d.c. motors 
through belts and spur gearing. The 
control is remote-magnetic with the 
contactor panel installed in the motor 
house located at the head end of the 
pig-casting machine. The conditions 
under which the equipment operates 
are heat and cold, shock loads, ex- 
cessive vibration, and dust and mois- 
ture having an acid content caused 
by cooling the pigs with water. 

This equipment is used only inter- 
mittently but when it is required 100 
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Without a filter to clean the air before 
it enters this skip hoist room, how 
long do you imagine it would take 
abrasive ore dust to change the ap- 
pearance here? 


Feeder conveyors handling different 
grades of ore to the stock bin con- 
veyor. Here electric brakes are not 
necessary, so the extended motor 
shafts are protected by homemade 
safety guards. Totally-inclosed equip- 
ment is the preventative against the 
abrasive dusts. 























































per cent service is expected regard- 
less of the existing conditions. 

Under these adverse conditions it 
takes about eight months’ exposure 
to remove all trace of the paint ap- 
plied to newly installed iron sheath- 
ing and from 8 to 10 years’ exposure 
to disintegrate the steel frame work 
that is subject to the acid-laden mois- 
ture. For these reasons a rubber- 
impregnated canvas belt is used as 
the drive medium between the motor 
and the first reduction gear which, 
like all other gears in this train, is 
“doped,” instead of lubricated, to re- 
duce the wear from the abrasive 
dust as much as possible. This dope 
is a special type Of lubricant having 
a high-tar component and it is ap- 
plied every time the pig-casting ma- 
chines are in operation. 

Ordinarily the life of the belt is 
about two years and an equivalent of 
about six months’ continuous service 
is gotten out of the brushes. Here 
cast-grid resistors are used but they 
are placed on the floor as a means 
of protection against the excessive 





vibration caused by the dropping of 
the cast pig on the apron and the 
jerking of the conveyor chain on the 
sprockets. : 

Other than the belt, no protective 
devices are provided in the transmis- 
sion train to absorb the heavy shocks 


encountered by the motor. The 
motors are taken in for cleaning and 
repainting approximately every three 
months. 

In this plant limestone and dolo- 
mite are burned for use in open- 
hearth furnaces, the burned lime be- 
ing used as a flux, and the burned 
dolomite for making or repairing 
bottoms. There are 5 lime kilns and 
4 dolomite kilns driven by 20-hp. 
motors through belting and gears. 

It is impossible to correct the con- 
ditions about these drives, so protec- 
tive measures must. be taken. The 
belts last but from three to six 
months; the small lineshaft bearings 
from 1¥% to 2 years; and the larger 
brass’ trunnion bearings a trifle 
longer. A minimum of lubrication is 
applied weekly because excessive lub- 
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rication collects abrasive lime dust. 

Brushes and commutators average 
one year of life, yet out of 6 dic. 
motors used but one had to be taken 
in to have the coils reinsulated and 
painted. In an effort to reduce the 
trouble at this point squirrel cage in- 
duction motors have been installed as 
an experiment with the expectation 
of getting at least 2 years of service 
out of them before they must be re- 
built. Ordinarily these motors are 
taken to the repair shop for general 
overhauling approximately every six 
months. 

From the blast furnaces the molten 
iron is conveyed either to the mix- 
ers in the open-hearth department, 
which act as storage vessels and as- 
sure a uniform mixture of the iron 
from the several blast furnaces, or 
to the pig-casting machines. Seventy- 
ton, open-top ladles and 125-ton, 
mixer-type ladles are built on stand- 
ard gage trucks to facilitate the han- 
dling of the molten metal and are 
revolved or tipped by means of a 
d.c. motor which is part of the mixer 






















Calcining equipment must function 
even though it is impossible to correct 
the conditions under which it operates. 
Excessive heat and abrasive dust are 
the added burdens this drive equip- 
ment must bear under continuous 
service. 


It took less than six months’ service 
to break down the covering on the 
four-conductor cable shown in the 
foreground. This cable carries d.c. 
power to the mixer tilting mechanism. 
Abrasion results from its contact with 
the obstacles shown. 
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car; consequently, d.c. service must 
be provided when tipping. 

For this service there is used a 4- 
conductor cable, which must be 
dragged over obstacles such as rails, 
crane stops, and so on in bringing it 
to the junction box. The connecting 
cable shown in the illustration has 
been in service for a period of six 
months and it is to be replaced 
shortly with one having a much 
higher para rubber content that is 
expected to withstand the abrasion. 

A department idea is expressed in 
the connector used in that a large 
prong fits the positive lead only, 
forcing the three smaller prongs to 
connect correctly the negative line 
and field leads so that the chance of 
reversing the leads and consequently 
the direction of rotation of the motor 
is eliminated. 

Nowhere in the mill is there a 
piece of apparatus subject to such 
severe service as the open-hearth 
charging crane. True, it is built to 
withstand the abuse of hard service, 
but excessive shock loads, vibration, 


heat, dirt, and abrasive dusts soon 
show effect. Beside charging, it is 
used to wreck the furnace. As a 
result of this use, in addition to its 
regular duties, the twister mechanism 
lasts about one month, the collector 
shoes about a year, segments on the 
bridge control about 30 days, and 
motors from one to two years. These 
chargers, like the*lorries, have no 
brakes, so that motors are plugged to 
bring them to rest. Triple weather- 
proof braid conductor is used and it 
gives about three years of service 
before being renewed. Every nine 
months the motors are overhauled. 

From the open hearth the molten 
steel is converted to ingots, which 
are taken to the stripper crane where 
the molds are removed. The ingots 
are taken to the soaking pits and 
finally to the blooming mill and rail 
mill if the product is to be rails. 

This rail mill is driven by a 5,000- 
hp., 60-cycle, three-phase, 591-r.p.m., 
6,600-volt motor through totally- 
inclosed herringbone reduction gears 
running in oil. The reduction ratio 
from the motor to the mill is 6.95 to 
1, giving the mill a speed of 85 r.p.m. 
Over a period of six years this motor 
has been out of service approximately 
six hours due to external trouble. 
Dust caused a flash over on the col- 
lector rings. Service is continuous 
with the exception of a Sunday shut- 
down for cleaning and overhauling. 
It is subject to shock loads prin- 
cipally, but the design, no doubt, 
permits their absorption without 
affecting the motor. Thrust bearings 
have been applied on both sides of 
the main reduction gear to take the 
thrust from the mill. In all other 
respects vibration has been eliminated 
by substantial foundations. 








The hand on the controller is also on the brake handle. 


Without brakes 


of any kind the lorry, under all kinds of load conditions, is entirely 

dependent upon the plugging of its single motor to bring it to rest. 

Shock loads and abrasive dusts make up the other two sides of the 
maintenance triangle. 


For this installation 44,000-volt, 
a.c. service is brought into the motor 
room, where it is stepped down to 
6,600 volts. One spare transformer 
is kept on hand but has not been 
needed to date. Ample control pro- 
tection and spare control parts insure 
the continuous service required. 

After the material leaves the rail 
mill it is conveyed to the hot saws, 
consisting of four tilting saws which 
acts as a unit in cutting the rail 
simultaneously into three specified 
lengths. The saws are belt driven 
by 75-hp. motors having outboard 
bearings. 

These totally-inclosed motors run 
continuously and are subject chiefly 
to mill scale and other steel particles 
thrown off when sawing the rail. 
This material gets into the motor, 
grounding the field coils. Entrance 
is made through the open bearings, 
traveling with the lubrication to the 


interior of the motor. It is next to 
impossible to remedy this condition. 

Because of the tilting of the saw 
the cables are being flexed con- 
tinually, an action that soon breaks 
down the insulation and finally the 
conductors. To prevent undue chaf- 
ing of the cables, lengths of discarded 
rubber hose are being used as flexible 
conduits between the condulets on 
the motors and the underground con- 
duit outlets. After an operating 
period of eight months the motors 
are removed for overhauling and 
cleaning. 

At the Fairfield works the equip- 
ment is of such a character that, al- 
though it is in severe service, it does 
not show it. For one reason, it is 
comparatively new and to some ex- 
tent radical, yet not unlike equipment 
that you would expect to find in any 
steel mill. 

The handling of the raw material 





to the blast furnaces is unusual. Belt 
conveyors carry the coke to the stor- 
age bins from the by-product coke 
plant about 1,200 ft. away. The ore 
is delivered and dumped by train 
loads into storage, whence it is taken 
by a system of underground belt con- 
veyors to overhead bins so placed 


‘that they discharge directly into skip 


cars from scales cars which, with 
the skip hoist equipment of each fur- 
nace, are controlled by one operator, 
thereby eliminating the handling of 
the charge by lorries as at the Ensley 
works. 

One man in the control house of 
each blast furnace operates its skip 
and weighs the charge as he abstracts 
it from the bins and also determines 
the depth of the charge in the fur- 
nace. from this point. Push-button 
control is used throughout, and to 
prevent the seepage of ore dust all 
inclosed panel boxes and_ switch 
boxes are lined with felt. 

When dry, iron ore is a non- 
conductor, but permit moisture to 
combine with it and it becomes a 
conductor, a condition responsible 
for the difficulties experienced to 
date with this equipment. 

In the stock bins overhead a rub- 
ber composition shuttle belt handles 
the coke while it is still hot and moist. 
Abrasive dust and dirt result from 
the weaving action of the loaded belt 
in passing over the rollers. This dust 
clings to every surface, especially at 
the bearings if grease in excess is 
applied. 

Because of the newness of the in- 
stallation it is impossible to determine 
the life of this equipment under the 
most severe conditions but it is ex- 
pected that five years of continuous 
service will be the minimum. The 
belts are endless and carry the mate- 
rial on one side only, so after a 

(Please turn to page 332) 





Continuous service is the lot of the rail-mill, tilting hot saws. 
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The motor is practically 
inclosed but, like the belt, it is affected by fine iron dust and scale that work their way in at 
the bearings. 


Because a tight belt is necessary no wonder bearing trouble is the rule. 














The tube-mill side opposite the motor room showing the shaft connection from the motor to the mill. At 
the right is the motor room of the tube mills separated from the mills by a concrete wall to isolate heavy 


electrical equipment and insure necessary ventilation. 





OFFSETTING WEAR and TEAR 
on equipment 


IN MAKING CEMENT 


EMENT, whether produced 
( by the dry process, treated in 

this aricle, or the wet process, 
is controlled in its manufacture en- 
tirely by chemistry. Various raw 
materials, ground to a delicate fine- 
ness that will permit the resultant 
product to go through a sieve that 
will hold water, and accurately pro- 
portioned with other necessary in- 
gredients for the proper chemical 
composition for making cement, are 
transformed by heat into an entirely 
different chemical combination. 

From quarry to sack every particle 
is handled entirely by machinery 
which must operate continuously un- 
der all kinds of adverse conditions. 
This continuous chemical-mechanical 
process, which is under rigid super- 
vision, creates a necessity for the 
mechanical equipment to function 
100 per cent of the time regardless 
of the conditions under which it op- 
erates, 

At such plants duplicate equipment 
is used extensively so that interrup- 
tions to service would be minimized 
and the total number of replacement 
parts ordinarily required would, 


therefore, be a minimum at all times. 
This means that the duplicate parts 
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EXCESSIVE HEAT 
ABRASIVE DUST 
CONTINUOUS SERVICE 
INERTIA LOADS 


VIBRATION 


intended for service in any emerg- 
ency must fit perfectly when installed 
and to see that perfect fits are the 
rule and not the exception is the duty 
of the personnel engaged in mainte- 
nance and repair work. 

Many years of experience are be- 
hind the service-to-production men 
employed and it has been fortunate 
for both plant and men that this is 
so, for only from _ such intimate 
knowledge of equipment and condi- 
tions can operators get the most out 
of their plants. These men who have 
taken the “bugs” out of equipment 
used in the early plant units have in- 
corporated the new ideas in the units 
installed later. In this way the 
cement industry profits from its 
service-to-production men. 


For instance, they realize that 
chemistry dictates the manufacture 
of cement and consequently certain 
severe service conditions under 
which equipment operates cannot be 
changed. Ways must be discovered 
and means provided to operate the 
equipment just as though the condi- 
tions did not exist. Where heat is 
necessary for certain results, proper 
protection must be provided to per- 
mit the tributary equipment support- 
ing the operation to function satis- 
factorily. Likewise, when abrasive 
fine material and moisture cannot be 
avoided, equipment operating therein 
must be selected that will withstand 
the effects as much as possible, The 
conditions must be tolerated, so it’s 
up to the men to find the most eco- 
nomical way out with the equipment 
available. 

Modern machinery has not only 
found its way into the cement in- 
dustry but from it the most modern 
machinery for cement making has 
been developed. By the use of mod- 
ern equipment in the machine shop 
of one plant where all repair work is 
handled, it has been possible to re- 
duce the repair crew from 59 men 
in 1925 to 29 men in 1929. Two 
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general views of this shop, which 
houses also the electrical repair shop 
at one end, show the present facili- 
ties provided to expedite the repairs 
to service-to-production equipment. 
This shop, now equipped with in- 
dividual drives, until a year ago was 
driven from lineshafting that ex- 
tended under the balconies to both 
ends of the shop and the reason for 
making the change was that individ- 
ual driven machines suited require- 
ments beter. All equipment that is 
to be repaired for further service is 
brought to this shop. In the struc- 
tural shop adjoining, replacement 
equipment is fabricated, bearings are 
babbitted, material handling equip- 
ment is salvaged and repaired, weld- 
ing (gas and electric) operations are 
conducted, in addition to many other 
activities. In this shop as in no other 
place does one see the results of 





Worn bearings were responsible for 
the damage to this squirrel-cage rotor. 
The rotor rode the stator, damaging 
the core and short-circuiting rings. 
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What bucket conveyors ot the mate- 
rial handling equipment look like 
after long continuous service, han- 
dling hot clinker. These 10-in. steel 
buckets will be rebuilt and returned 
to service. 


A trunion roll that collapsed while 
in service. The spokes on both sides 
were. rebuilt and reinforced with steel 
plate at a fraction of the replacement 
cost. 

















































severe service upon service-to-pro- 
duction equipment. 

To make portland cement, lime- 
stone and a silicious material, such 
as clay, shale, marl, or blast furnace 
slag, all of which contain alumina 
and silica, are required. These ma- 
terials, as quarried or received -from 
the blast furnaces, contain consider- 
able moisture which must be entirely 
removed before pulverizing for the 
dry process; while with the wet man- 
ufacturing process more water is 
added, and these raw materials are 
ground to a slurry. As they are 
pulverized they are accurately pro- 
portioned, usually by automatic 
scales, and intimately combined after 
which further pulverization is ef- 
fected in rotary tube mills from 
which the product is run through 
huge rotary kilns in which it is heated 
to from 2,400 to 2,800 deg. F. In 
such kilns the heat is produced by 
burning pulverized coal, gas, or oil, 
according to the location of the plant. 
This heating process calcines the car- 
bonates of the materials and causes 
the union of the material into new 


The almost 
molten mass is then discharged from 
the kilns as white-hot clinker about 


chemical compounds. 


the size of marbles. Later it is 
finely ground and the right amount 
of gypsum is added to regulate the 
setting time of the finished cement. 
Supporting these huge rotary kilns, 
which are commonly from 150 to 
250 ft. in length, are trunion rolls 
that take the weight of the kiln and 
its charge and at the same time per- 
mit it to rotate freely. These trunion 
rolls, in addition to carrying a heavy 
burden imposed upon them by the 
weight of the kiln, are in continuous 
service under conditions of heat and 
fine material, both of which are un- 
avoidable. Two illustrations are 
shown to emphasize the severity of 
service under which they operate. 
Under this kind of service defec- 
tive equipment will soon make its 
presence known. In the one case a 
portion of the roll rim flaked out 
after a short period of service and 
the reason for its doing so was a de- 
fective casting, as can be seen by a 
close study of the fracture. In the 
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other case, however, the roll col- 
lapsed due to the breaking of the 
spokes. Both rolls had been sent to 
the shop as scrap material from 
which the shafts were to be salvaged 
and used in duplicate rolls. As a 
matter of fact neither roll will be 
consigned to the scrap heap on this 
trip because of the adeptness of the 
welding crew. 

To replace the roll with the frac- 
tured spokes would have cost ap- 
proximately $1,200, but to put it in 
serviceable condition, and, no doubt, 
stronger after it was rebuilt than it 
was originally, cost only $203.86. Of 
this cost $157 was for material, and 
40 hours of labor were required for 
the job. Steel boiler plates, 7% in. 
thick were cut to reinforce the 
spokes on both sides of the roll and 
these were welded electrically to the 
hub, rim and spokes as shown. The 
welds are easily seen by referring to 
the illustration. 

In almost a similar manner the 
smaller roll will be rebuilt and re- 
turned to service. The replacement 
cost of this roll is approximately 
$250 but it is expected that $60 will 
cover the repair cost by means of 
electric welding. Holes will be 
drilled in the surface of the rim a 
certain distance beyond the outline 
of the fracture, to permit the re- 
moval of the defective material. 
After this has been done it will be 
put on a planer and prepared for the 
building-up process by the welders 
who will deposit excess material 
above the true circle of the rim so 
that the roll can be turned down to 
the true diameter in a lathe. When 
this has been done the roll is again 
ready for service. 


One end of the repair 

shop, where most of 

the mechanical serv- 

ice - to - production 

equipment is brought 
for repairs. 
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This work is. not confined to iron 
or steel rolls by any means. Prac- 
tically the same treatment is given 
to parts of other metals, such as 
bronze and other alloys, used for 
valve seats and pump impellers. The 
condenser pumps in the power house 
are in continuous service handling 
hot water which has an abrasive 
action on the runners. Centrifugal 
pumps, as everyone knows, suffer a 
loss in efficiency as the impellers wear 
and when wear has advanced suf- 
ficiently to necessitate the replace- 
ment of the unit, the impellers are 
taken to the shop where they are re- 
built by means of the oxy-acetyline 
welding equipment. 

To avoid getting an uneven deposit 
of bronze on the runners, they are 
first turned down in a lathe; they afe 
then built up approximately ¥% in. 
above the required thickness so that 
in the final turning process the cut- 
ting tool is working in a good body. 
In this way pump impellers are re- 
conditioned at a fraction of their 
original cost. 

The squirrel-cage rotor shown in 
an accompanying illustration was 
brought to the shop for repairs be- 
cause of damage to the rotor bars. 
Failure of the bearings due to lack 
of lubrication and an excess of 
abrasive material permitted the rotor 
to ride the stator laminations before 
the control devices functioned prop- 
erly. 
ing ring was forcibly disconnected in 
places. Here again, welding simpli- 


fies the job of repair and in a short 
time the rotor is in condition to be 
returned to service. 

Why bearings fail may be readily 
understood by referring to the illus- 


As a result, the short-circuit-- 





tration on page 286, which is an in- 
stallation in the stock house on the 
lineshafting that drives a bagging 
machine. Dust collecting equipment 
is used at this point but sufficient 
dust escapes to settle on the equip- 
ment, as shown, and when this hap- 
pens lubrication becomes a problem 
of first importance. To offset the 
ravages of this abrasive dust, high- 
pressure lubrication has been re- 
sorted to, facilitating the greasing 
operation by means of piping from a 
runway to the bearings or by direct 
coupling to the bearings if it is read- 
ily accessible to the oiler. It is 
claimed that this system has reduced 
bearing failure over 50 per cent be- 
cause the work of oiling or greasing 
by the oiler has been made more 
positive. 

Because so much bearing trouble 
had been experienced in operating 
the equipment under such severe 
service, high-pressure lubricating de- 
vices were installed throughout one 
plant, making it possible during 1928 
to show a saving of $9,000 in grease 
and a material reduction in the per- 
centage of bearing failures. The 
same number of oilers, however, 
were kept on the job. 

Originally, pure babbit was used 
for bearing linings, but when it was 
found that with the fine abrasive ma- 
terial the shafts were .being cut ex- 
cessively after a short period of op- 
eration, the babbitt was blended with 
other metals to the best proportion 
for the operating conditions. All 
bearings are lined at the plant. 
When bearings are sent to the shop 
to be re-lined they are put into an 
oil-fired furnace where the babbitt is 
melted. The babbitt is collected in 








the drain at the bottom of the fur- 
nace under the grates and properly 
blended for use again. Inasmuch as 
fresh babbitt is added from time to 
time it is impossible to determine its 
life in terms of years of service. 

As the clinker emerges from the 
kilns bucket elevators convey it in 
its almost white-hot condition to 
clinker storage. This material han- 
dling equipment, like the kilns, is in 
continuous service, and by referring 
to the illustration one can get an idea 
of what one year of service will do 
to a 10-in. steel elevator section. 
In many plants, when equipment 
reaches this stage, it is conscienti- 
ously scrapped but here the best 
parts of the section are salvaged. 
The buckets are heated and put on 
a form and reshaped for further use. 
The worn parts, which usually con- 
sist of the lip plates, are cut out and 
replaced. 

Other material handling equipment 
is used extensively, especially screw, 
conveyors, which are made up of 
sieel plates shaped and _ spirally 
mounted on a shaft. Prior to the 
installation of a manganese end on 
the shaft end excessive wear was ex- 
perienced in the bearings and on the 
shaft. With the adoption of the 
manganese bearing and shaft end, 
which is pinned to the shaft like a 
collar, years of service are obtained. 

In handling the clinker in and out 
of storage, three overhead traveling 
cranes are used. These cranes pick 
up the hot clinker by means of clam- 
shell buckets, each crane having two 
80-hp. a.c. motors on the hoist, one 
80-hp. a.c. motor on the bridge, and 
one 25-hp. a.c. motor on the trolley. 
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Looking along one side of the repair shop toward the end that houses the electrical repair 
shop. Here modern machinery expedites repairs to tributary equipment. 


The conditions under which this 
equipment operates continually are 
excessive moisture containing abras- 
ive material carried with the mois- 
ture which is generated when water 
is applied to the clinker to cool it. 
These conditions are in the main re- 
sponsible for the early failure of all 
electrical equipment at this point. 
The rotor shown in an accompany- 
ing illustration was in service ap- 
proximately six months when it 
went down due to the causes stated. 
Although the cores rubbed and the 
rotor core was distorted, the winding 
did not immediately fail; however, 
a short time later that section of the 
winding located in the damaged sec- 
tion of the rotor core gave out, ne- 
cessitating a trip to the repair shop 
for rewinding and perhaps re-lami- 
nating. The extent of the damage 
could not be ascertained until the 
rotor was stripped. Thus, it is seen 
how easy it is for equipment to suf- 





fer from these adverse operating 
conditions. 

Before the clinker becomes cement 
it is put through pulverizing mills. 
At the bottom of these circular ver- 
tical machines is a steel die ring 
which, like the druggist’s mortar, re- 
mains stationary. Within the ring 
are hung three roll heads, resem- 
bling the apothecary’s pestle, but 
weighing nearly half a ton each, 
which whirl ceaselessly around, mak- 
ing more than a revolution a second. 
Roll heads that have seen various 
periods of service are shown in an 
accompanying illustration. 

The clinker drops into this mill, is 
caught between the ring and the roll 
heads, and is crushed into pieces 
about the size of granulated sugar. 
Of 37 shafts that have been installed, 
that is, renewals, the minimum pe- 
riod of service was 714 hours. The 
maximum was 4,804 hours. Before 
the shafts used in these roll heads 





Close-up of an 80-hp. clinker crane armature showing the burned out 
winding which is immediately under the core section previously damaged 
when the worn bearings permitted it to ride on the stator laminations. 
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were case hardened, the period of 
service rarely exceeded 800 hours. 
At one time shafts having a higher 
carbon content were tried but con- 
siderable trouble was experienced 
from breakage. A low-carbon shaft, 
case hardened, was found very sat- 
isfactory. 

One shaft underwent 13 changes, 
all of which were caused by oil leak- 
age, worn out rolls, running hot, and 
worn bushings.. To date this par- 
ticular shaft has given 5,512 hours of 
service. It is not uncommon to have 
shafts give as high as 10,000 hours 
of service before it is necessary to 
renew them. The lubrication is self- 
contained in the roll head bearing 
and the lack of it from leaking, due 
to bushing wear, necessitates a shut- 
down to replace the roll. Then 
again, the packing wears out; how- 
ever, a type used in the ice-making 
industry is being tried with favorable 
results. Fiber rings alternately fit- 
ting the shaft and its casing, and 
forming an oil or grease reservoir, 


Severe service soon brings out the 
defects in equipment. The flaw spot 
in this trunion roll did not show up 
until it had been in service. 


seem to have solved the problem. 
Other causes of failure have been 
traced to faulty design, which is 
gradually being corrected. 

In the final operation, the ground 
clinker is conveyed to a battery of 
rotating tube mills where it is pulver- 
ized to the specified fineness. These 
tube mills are driven by large motors, 
usually of 200 to 400 hp. each. In 
order to isolate such heavy electrical 
equipment, as a factor of human 
safety and to insure more adequate 
motor ventilation, it is quite common 
practice to locate the motors and 
their electrical equipment in a sepa- 
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rate room. The motor shafts are 
then extended, making use of flexible 
couplings, through the wall to a pin- 
ion which engages the master gear 
of the tube mill. This drive set up is 
illustrated by two accompanying 
photographs. 

On the whole, adverse conditions 
exist in the cement industry, but no 
attempt has been made to determine 
what proportion of the electrical or 
mechanical failures are attributed to 
the conditions encountered. With 
the electrical equipment, 25 per cent 
of the failures are attributed to ordi- 
nary conditions and 75 per cent to 
other causes. -Among the 25 per cent 

















are the ultimate failures caused by 
burned out bearings in the motors, 
since little or no trouble is experi- 
enced with control equipment. 
Compressed air is used to a certain 
extent in keeping the electrical equip- 
ment clean, but it must not be used 
to excess or the force of the air will 
pack the cement dust in the windings 
where it will remain until something 
happens; usually that something is a 
break down of the insulation because 
the ventilation has been restricted 
and the mixture of grease and ce- 
ment dust, together with moisture, 
gradually deteriorates the insulation, 





making it the weakest point in the 
system. There are, no doubt, few 
industries in which the equipment 
used operates under such severe serv- 
ice as in the cement industry, yet no 
apology is necessary. 


* * KX X* 


Prevention against severe service 
as practiced by the wet-process 
cement plants is not wholly unlike 
that practiced in the dry-process 
plants. In both processes the pre- 
liminary operations are practically 
identical. The raw material is re- 


duced to the desired size by means of 
crushers and hammer milis and con- 









Roll heads removed from the pulver- 
izing mills, showing the effects of the 
abrasive action of the clinker in the 
grinding process. Their life is in- 
determinate. 


veyed to the raw material storage. 
From quarry to storage, every par- 
ticle is handled by machinery. 

In the dry process the moisture is 
abstracted from the raw material 
taken from storage but in the wet 
process the material is conveyed as 
needed from storage to the compeb 
mills where water is added as it 
emerges to form slurry which is then 
sent to the mixing tanks where the 
necessary ingredients are added to 
form the specified solution. This 
solution is discharged to a storage 
reservoir where it is kept in constant 
agitation to prevent settling until it 
is needed. 

Since the moisture must be ab- 
stracted before the material becomes 
clinker, kilns much larger than those 
found in the dry-process plants are 
used. From this point the process is 
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almost identical with that of the dry 
process. The clinker goes to storage 
and is withdrawn as needed and run 
through finishing compeb mills where 
it is pulverized to the fineness desired 
and conveyed to the silos for stor- 
age previous to being bagged for 
shipment. 

Because of the traditions behind 
the dry process plants improvements 
in equipment and conditions of 
operation have been slow in mate- 
rializing. Nevertheless, when new 
plants are projected their equipment 
is selected, not only for the functions 
it must perform, but for longevity 
and freedom from trouble under con- 
tinuous service. So far the wet- 
process plants are without tradition 
and with the equipment selected 
severe service, even under continuous 
operation, is not admitted. 

This is true to a certain extent, 








but the totally-inclosed control equip- 
ment is quite common. Fabric and 
rubber-impregnated belts seem to be 
preferred above all other types and 
for the most part endless belts are 
specified to eliminate vibration as 
much as possible. Belt dressing is 
omitted purposely because its use 
would enable dust to adhere to the 
belt and further contribute to the 
conditions under which it was 
operating. 

Where wound-rotor motors are 
used in driving crushers and hammer 
mills, their secondary control will be 
found in steel cabinets. In some 
cases, motors and control equipment 
are separated from their drives by 
dust-proof walls through which the 
drive element extends. All wiring 
is in conduit equipped with pot heads 
as an effective seal against dust. Oil 
circuit breakers are inclosed but it is 





Where it is impossible to keep the 


especially if the comparison is made 
on the basis of the dust elimination, 
but part of the equipment used in 
both plants is subjected to conditions 
of abnormal heat while in continuous 
operation. 

In the wet-process plants the 
crusher equipment and hammer mills, 
with drives and auxiliary parts such 
as control, are subject to dust thrown 
off from the grinding operations. An 
effort has been made to remedy this 
condition but the method used has 
not been entirely successful. Dust 
collector systems are used extensively 
but a certain amount escapes to find 
its way into motor windings and 
bearings, and in control equipment. 
The totally-inclosed motor is not used 
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power transmission equipment clean 
means must be provided to apply uncontaminated lubricants. The high- 
pressure gun may be seen at the right. 


practically impossible to prevent in- 
filtration of dust. 

On a hammer mill in one instance, 
considerable trouble was experienced 
with sleeve-type, oil-ring bearings 
which had become worn from dust 
and excessive vibration under long 
periods of operation so that it was 
necessary to employ compressed air 
to keep the unit in operation. The 
remedy proposed, since a certain 
amount of dust and vibration would 
be present always, was anti-friction 
bearings, grease lubricated. 

Transformer stations for the dis- 
tribution of low-voltage power are 
installed without bus work for 
primary or secondary circuits. 

Where there is a possibility of dust 


contamination from the operation of 
compeb mills, dust-collector systems 
protect the drive and its auxiliary 
equipment. Flexible couplings are 
used in the gear trains of these mills 
and, in remote cases, magnetic 
clutches have been employed to pre- 
vent the transmission of vibration 
from the mill to the motor. In these 
installations duplicate equipment will 
be found as a means of offsetting 
delays. 

Kilns, for the most part, are ex- 
posed, but their drives, also the feed 
and fire ends, are protected from the 
weather. 

Inasmuch as the clinker is not 
quenched as in the dry process, 
the overhead traveling cranes han- 
dling clinker storage are free from 
moisture. 


A.I.E.E. Offers Diversified 
Program for Summer 
Convention 
— number of high-grade 


technical papers and many inter- 
esting trips will feature the summer 
convention of the American Institute 
of Electrical Engineers at Swamps- 
cott, Mass., June 24-28. Head- 
quarters will be at the New Ocean 
House. The papers will cover many 
live topics such as_ distribution 
systems, automatic synchronizing, 
communication, electrical machinery, 
outdoor hydrogen-ventilated syn- 
chronous condensers, loading trans- 
formers according to temperature, 
shielding in electrical measurements, 
electrical heating elements, etc. Re- 
views of the latest ‘electrical develop- 
ments will be presented in the annual 
reports of the Technical Committees. 
. On Monday, June 24, a conference 
of officers and section delegates will 
be held. The business sessions will 
begin on Tuesday morning with an 
address of welcome by Governor 
Allen of Massachusetts. Two tech- 
nical sessions on distribution and 
power plants, and transportation will 
start at 10:30 a. m. The afternoon 
will be devoted to trips and sports. 
The convention lecture will be given 
at 8 p.m. by Dr. Harlow Shapley, 
Director of the Harvard College 
Observatory. The technical sessions 
will continue on Wednesday and on 
Thursday an all-day trip will be made 
to Rye Beach, Maine. The final 
technical sessions will be held on 
Friday morning, and in the afternoon 
a post-convention excursion through 
the White Mountains will start at 3 
o’clock. 
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IN BLEACHERIES 


Severe Service Is the Rule 





ACIDS and ALKALIS — WATER — HEAT 
INSUFFICIENT LUBRICATION 


— 


= ACID and ALKALI FUMES 
IRREGULAR LOADS 


By C. D. BLACKWELDER 


service of bleachery equip- 

ment, I shall give a brief out- 
line of the simplest processes in a 
bleachery. The business of the 
bleachery is to convert the “grey 
goods” from the cotton mills into the 
finished product that we purchase in 
the stores. 

The cloth is received in cases or 
rolls by the bleachery, which stamps 
each piece with the client’s identifica- 
tion mark (coal tar being used), and 
sews the pieces together to make one 
continuous strip, which is run 
through the processes. 

Generally the cloth is run through 
a singeing machine to remove the 
loose nap or fibers to give it a 
smoother finish. It is then wet to 
extinguish all sparks, and pulled by 
a reel into a steep bin. Sometimes 
“Diastofor,” or other enzimes, are 
used to assist in removing the 
starches and soluble salts. 

From this process the cloth is 
pulled by a washing machine having 
a driven roll at the top and another 
roll in a pit of water beneath. 
Usually there are 16 strands to a 10- 
ft. roll washer. The process is con- 
tinuous and removes practically all 
the starchy materials from the grey 
cloth. 


P sevice describing the severe 
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It is then pulled by a reel to the 


grey sour pit which has a squeezer 
machine built over it. These pits, or 
tanks, contain a solution of dilute 
sulphuric acid through which the 
cloth passes on its way to the 
squeezer and into the “jay box.” 

Another washing then takes place 
to remove all traces of acid, after 
which the cloth is reeled into an auto- 
matic kier piling machine placed over 
the boiling kier. The piler plaits the 
cloth into the kier in even layers, a 
kier holding four or five tons of 
cloth. The kier is then charged with 
a solution of caustic soda, soda ash 
and sometimes a small proportion of 
sulphonated oil. This liquor is cir- 
culated from bottom to top, generally 
with a centrifugal pump, which dis- 
charges it through a closed steam 
heater. The boiling process, as a 
rule, requires 8 to 12 hours, and the 
pressure in the kier is around 15 
pounds gage pressure. This boiling 
process removes the natural waxes 
from the cotton fiber in order that 
the chemicals in the remaining 
processes can do their work more 
satisfactorily. 


After the boiling process the cloth 
is pulled out of the kier by a washer 
and washed thoroughly after which 
it is squeezed. 

If a high luster and a great affinity 
for dye stuff are desired the cloth 
is mercerized. Before the cloth is 
put through this process it is dried 
on what is known as “dry cans.” 
They are made of copper, sometimes 
heavily tinned. These cans are very 
thin and are heated with steam. The 
cloth is then run through an iron 
tank containing a strong caustic soda 
solution and on to a padder consist- 
ing of three very heavy rolls through 
which the cloth passes. Luster is 
dependent on the stretching of the 
cloth after treatment in the caustic 
soda solution, so it then goes through 
a tenter frame, consisting of two side 
rails about 50 ft. long, each carrying 
races for an endless traveling chain 
having automatic clips. The clips 
grasp the cloth by the selvedge and 
the cloth passes on between the rails, 
which are adjustable to accommodate 
different widths and to regulate the 
tension on the fabric. From the 
tenter the cloth passes, in open width, 
through several washing boxes, is 
then soured with acid, washed again, 
and pulled into bins. ) 

In order to get the fabric white, it 
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is then put through the bleaching 
process, known as “chemicking.”’ 
The cloth, in rope form, is reeled 
into the chemic pit, which has a 
squeezer machine built over it. The 
pits or tanks contain a solution of 
sodium hypochlorite through which 
the goods passes, after which it is 
squeezed. (This solution consists of 
caustic soda, soda ash and chlorine 
gas.) After passing through the 
squeeze rolls the cloth passes over a 
reel and into the chemic or bleach 
bins, the fabric being piled into the 
bin in even layers, either by hand or 
by a bin piler. The cloth lies in these 
bins several hours and the nascent 
oxygen produced by the chemic 
bleaches it. When this action is com- 
plete the cloth is pulled from the bin 
by a washer and given several dips 
in water after which it is run through 
a squeezer. 

From this operation it is run 
through what is known as “white 
sour and antichlor,” a solution of 
sulphur dioxide and water in a pit. 
Above this pit a squeezer machine 
is mounted. The solution removes 
all traces of chlorine from the cloth. 
Sometimes a small amount of sul- 
phuric acid is also used in addition 
to the sulphur dioxide. The cloth is 
then pulled over a reel and plaited 
into the sour bins. From these bins 
it is pulled through the finishing 
washer where it is given several dips 
in water and is squeezed. It is then 
plaited into the ‘white bins.” 

Up to this stage the cloth is in 
rope form. From the white bins it is 
pulled through a “scutcher,’”’ which 
opens it. The cloth then goes through 
a water mangle, a machine having 
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Dry cans. The bearings must allow, 
without risk of leakage, a continuous 
supply of steam under pressure to the 
rotating cylinder and also allow the 
discharge of water resulting from 
condensation. 


Arrangement of hearings and oiling 
devices on old style calender. 


two or three heavy rolls, to remove 
as much water as possible and to 
close the threads of the fabric. 

After this process the fabric is 
either dyed or left white and run 
through a starch mangle. If the cloth 
is to be dyed, it is passed through a 
dye solution in a “dye padder,” “‘jig,” 

or continuous dye machine, the type 

of machine depending largely on the 
fabric and dyestuff. If the fabric is 
starched, or dyed and starched, it is 
then passed over the “dry cans.” 
These cans are made of copper and 
heated with steam. They revolve 
very slowly, allowing part of the 
moisture to dry out of the fabric. 
The fabric then passes through a 
tenter frame that is housed and is 
heated by means of steam coils. This 
machine dries the cloth and allows 
the operator to stretch it to the cor- 
rect width by adjusting the distance 
between the chains. The cloth winds 
up in a roll at the end of the tenter 
frame. 

It is then moistened slightly, calen- 
dered between heavy rolls, either 
cold or hot, according to the fabric. 
It then passes to the “yarding” and 
inspection department. From this 
department the fabric is folded, 
wrapped, and packed for shipment. 


























Buildings for housing bleachery 
plants were at one time designed with 
several stories. The latest type of 
building is one story with basement 
and of daylight construction, usually 
built of reinforced concrete and brick 
with steel sash. 

Roofs are generally constructed of 
heavy pine boards tongued and 
grooved. They are supported by 
steel I or wood beams, resting on 
brick walls and supported in the 
center on cast-iron columns, and are 
covered with five-ply tar and gravel 
roofing. Due to the chemical proc- 
esses and reactions, fumes both alka- 
line and acid rise in the vapors and 
collect on the roof plank or ceiling. 
Formerly frequent replacement of 
the timbers was necessary. Now 
special paints, some with an asphalt 
base made especially for use in such 
places, are used. This same kind of 
paint is used on all the steel beams. 
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piping and electrical conduit over- 
head. 

Window sash, in all new bleacher- 
ies, are made of steel. Sometimes 
they are galvanized to resist cor- 
rosion from fumes and moisture. 
Generally they are painted with acid- 
and alkali-resisting paint to further 
preserve them. 

Corrosion is the most serious 
enemy that we have to encounter in 
maintaining ventilating systems. The 
an blades and shafts on such sys- 
tems have to be made of corrosion- 
resisting metals to protect them 
against fumes. Ventilating ducts, 
which take off the most objectionable 
fumes and fog rising from some of 
the processes, are constructed of 
wood painted with — acid-resisting 
paint. Ducts taking the heat and 
moisture from the dry cans are gen- 
erally constructed of copper. Gal- 
vanized iron is used on the ducts 
from the tenter frame. 

The floors in a bleachery suffer 
severe service. In the bleaching de- 
partment they are generally con- 
structed of wood with open joints to 
allow the water and solutions that 







drip to drain off quickly and prevent 
rotting of the timbers. These timbers 
are usually impregnated with as- 
phaltic compounds or painted with a 
similar preparation to prolong the 
life. Concrete floors are used in 
some bleach houses, but they are 
more difficult to keep clean, hard to 
drain and, generally speaking, are not 
as serviceable as wood. The singeing 
department generally has a concrete 
floor as well as concrete cut-off walls 
surrounding it as a fire preventive 
measure. The finishing departments 
have wood floors, generally of three 
thicknesses, with top layer of maple, 
which resists the wear from heavy 
trucks of cloth. The dyeing depart- 
ments have concrete or wood floors. 
When they are constructed of wood 
special precaution is taken to see that 
proper drains and overflows are in- 
stalled on all the dye machines and 
that the liquors are piped to drain 
trenches. 

Much space is allotted to the cloth 
bins. These bins were at one time 
constructed entirely of wood, neces- 
sitating the use of nails or screws 
which, even though countersunk and 
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painted, caused corrosion spots on 
the cloth. Brass and bronze nails 
and screws were used and the same 
trouble was experienced. The chem- 
icals in direct contact with the wood 
affected it and caused it to disinte- 
grate. The solution to the problem 
was the use of concrete. Now prac- 
tically all bins are constructed of 
reinforced concrete painted with 
corrosion-resisting paints. In the 
construction of such bins it is desir- 
able to have not less than 2 in. of 
concrete cover the reinforcing steel 
to protect it against contact with the 
chemicals. The usual tie wires for 
use in constructing the forms are 
either left out or are made of brass 
wire and cut back close to the con- 
crete. Drains from these bins are 
generally constructed of acid-resist- 
ing metal. The false bottoms of the 
bins are constructed of regular cobble 
stones with %4-in. spaces between. 
Cobble stones resist corrosion and 
are easily removed for cleaning. 
Lighting equipment in the old 
bleacheries was a constant nuisance 
to the electrician. Short circuits 
were numerous, because the wires 


Mixing room showing steel kier liquor tanks in 
rear, concrete chemical tank in middle, and lead- 
lined acid tank in front. 


Tenter and wash boxes on mercerizing machine. 
Note the automatic grips for grasping the cloth 
by its selvedge (the white cord running length- 
wise of the machine in the center is for leading 
the cloth into the machine). 











were not properly insulated against 
moisture, heat over driers, and cor- 
rosive fumes. The modern plants 
have eliminated most of these 


troubles by installing the lights 
in moisture-proof receptacles, with 





Washers with water squeezers at- 
tached at rear of and driven from 
washers. 


Air ducts leading from tenter hous- 
ing, exhausting to atmosphere. 


wires in special acid-resisting 
conduits. 

Washers in some of the old plants 
have wooden pits for holding the 
water. The end housings supporting 
the bearings carrying the roll shaft 
are supported on timbers. Much 
trouble was experienced with vibra- 
tion and bearing trouble. The wood- 
en pits leaked and required constant 
attention. The new plants have over- 
come these difficulties by making the 
pits of concrete, with end walls act- 
ing as foundations for the housings. 
The pit roll is more easily held in 
position in the concrete pits. 

Pits, or tanks, used for chemick- 
ing and souring were constructed of 
wood, which offered the same disad- 
vantages experienced with the wash- 
ers. Now these pits are constructed 
of concrete. The ones for chemic or 
sodium hypochlorite do not require 
any lining. The ones for acid require 
chemical lead lining to resist the ac- 
tion of the dilute acid. 

Plain bearings on the washers and 
squeezers have always given consid- 
erable trouble, because chemicals and 
water got into them and diluted or 
forced the oil out. The oiler often 
neglected replenishing the oil in these 
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bearings because it was so easy to 
run the oil level too high and cause 
it to sling out on the cloth or run 
down into the pit and get on the 
Absence of oil caused the 
run hard and wear 
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quickly. Plain bearings are now 
being replaced by roller and ball bear- 
ings in special housings packed in 
grease and fitted for pressure-gun 
greasing. No trouble is experienced 
with this type of bearing. 

The newest bleacheries have 
machines equipped with individual 
motors as far as practical. In the 
bleach house, where there are a num- 
ber of washers and squeezer ma- 
chines, it is more practical to have 
group drive. In this case one motor 
drives a short lineshaft which in turn 
drives the individual machines 
through suitable belts and pulleys. 
The motor drives the lineshaft by 
means of a chain running in an oil 
bath. This drive has certain disad- 
vantages, the worst being that the 
case sometimes leaks oil. Often these 
chains suffer from lack of lubrica- 
tion because the oiler is afraid that 
oil may leak on cloth in process. V- 
type belt drives have been used in 
place of the chain drive; the difficulty 
with this type of drive in a bleachery 
is that the rubber coating on the belt 
gradually wears off and flies in the 
air, depositing on the cloth in proc- 
ess. Much experimenting is being 
done to perfect the chain case. 

Most of the old bleacheries were 
driven by steam engines. The plants 
were laid out in such a manner that 
one or more long lineshafts drove 
several shorter shafts, with the ma- 
chines belted from these shafts, and 
most of them provided with clutch 
pulleys or tight and loose pulleys. 
The majority of these old plants have 
discarded the steam engines and in- 
stalled several large electric motors 


Squeezers mounted over sour pit. 
This machine involves the use of 
clutch, pulley, rubber squeeze rolls, 
lead piping, and rubber-lined valve. 














for the motive power. Plain bear- 
ings on the lineshaft have been re- 
placed in many plants by roller or 
ball bearings with a great saving in 
power. The cleanliness of these 
types of lineshaft bearings is a 
worthwhile point. Frequent oiling 
of the old style bearings afforded 
more opportunities for oil to drip 
on cloth in process and lying in 
trucks. 

Dry cans, or drying cylinders, offer 
quite a problem in bearing design 
and lubrication. The bearings are 
generally of the dollhead type. Such 
bearings must allow, without risk of 
leakage, a continuous supply of steam 


dried. Much experimenting has been 
done in order to perfect a dollhead 
bearing that will overcome the dis- 
advantages of the old type. The new 
type uses a double row of ball bear- 
ings and a very different arrangement 
of the packing. This type reduces 
the amount of power consumed for 
driving the machine and eliminates 
the possibility of the steam and 
grease being blown on the cloth. Dry 
cans are built in stacks and arranged 
between suitable frames. The cans 
are all geared together in order that 
they will run at the same speed. 
These gears are not enclosed and 








under pressure to the rotating cylin- 
der and also allow the discharge of 
water resulting from condensation. 
The bearings on most of the machines 
now in use are of the plain type, 
lubricated by grease cups. This type 
of bearing wears and the trunnion 
falls out of center an amount pro- 
portionate to the amount of wear, 
and on tightening the packing it 
eventually occurs that the drying 
cylinder end is actually riding on a 
thin layer of packing. When this 
condition occurs the packing wears 
very quickly, the steam blows the 
grease from the bearing, and the 
grease drips on the ends of the cans, 


Small pump for moving caustic soda 
solution to mercerizing machine. 


Motor drive to lineshaft by means of 
inclosed chain. 





Typical cast-iron column supporting 
wood roof beams. Also typical ar- 


rangement of electric switches and 
push-buttons for bleach house. 


practically no lubrication is used on 
them for fear of slinging it on 
the cloth. No entirely satisfactory 
means of overcoming this difficulty 
has been perfected. 

Mercerizer and dye padders are 
constructed so the top rolls may be 
pressed very tightly against the bot- 
~ tom rolls to pad the solution into the 

fibers of the cloth. This is done by 
a system of compound levers and 
gaz weights. Heavy pressure is exerted 
on the bearings and causes the old 
style plain bearing to wear very 
. quickly, since it is impossible to keep 
the bearings lubricated properly 
without danger of the lubricant get- 
ting on the fabric or dropping into 
the solution tank below. Roller and 
ball bearings are replacing the old 
style bearings in some of the new 
m plants. 
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Tenter frames and chains receive 
severe service on mercerizing ranges. 
It is practically impossible to lubri- 
cate, satisfactorily, the chain links 


and automatic clips. Hot water and 
weak caustic liquor are sprayed on 
the cloth continuously while it passes 
through the frame. Chains and clips 
require frequent renewing of pins 
and bushings. Great tension is re- 
quired on the cloth to get the mer- 
cerization, causing considerable fric- 
tion between chain and side rails. 
Various kinds of oils have been used 
for lubricating the chains and some 
have proved successful. The oil that 
has been most successful from a 
standpoint of not injuring the cloth, 
and at the same time lubricating the 
friction parts, is soluble in warm wa- 
ter and caustic, thus making possible 
the removal of oil spots from the 
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cloth as it passes through the wash 
boxes in the range. 

Tenters for drying the cloth offer 
a similar problem. These machines 
are surrounded by a heat-insulated 
housing. Only a small portion of 
the entering and delivery ends of the 
tenter are exposed. Steam coils fur- 
nish the heat and large blowers force 
the heated air into the housings. The 
temperature inside the housings var- 
ies with the type of cloth and the 
speed of the machine, going as high 
as 250 deg. F. The air, beside being 
very hot, contains a_ considerable 
amount of moisture at times. Lu- 
bricating the tenter clips, chain links 
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and rails is a serious problem, be- 
cause the heat causes the oil to be- 
come thin and sling on the cloth. 
Drying in the tenter is one of the 
last processes the cloth goes through, 
and since the cloth is not wet again, 
any oil that gets on it must be re- 
moved by a tedious and expensive 
manual process. This being the case, 
these tenters suffer greatly from lack 
of lubrication. Much experimenting 
has been done to remedy this trouble, 
but no absolutely satisfactory method 
has been found. 

It may be stated truthfully that the 
majority of the machinery in a 
bleachery suffers greatly from lack 
of lubrication because of the fear of 
overlubrication. 

Many of the machines are fitted 
with friction clutches. The washers, 
squeezer machines, calenders, water 
mangles, and starch mangles are the 
prineipal machines so fitted. These 
machines are required to run very 
slowly at times, especially when they 
are being threaded with cloth. Often 
the operator of the calender and wa- 
ter mangle is required to make an 
inspection of the cloth as it passes 
over the rolls. During this operation 
the clutch is being slipped to get the 
low speed. These clutches receive 
severe service, due to the load being 
applied too quickly by operators who 
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are not experienced with mechanical 
devices. Undue wear on the friction 
pads and plates is caused. These 
troubles have been reduced since the 
introduction of new types of variable 
speed motors now used for driving 
these machines. 

Practically all the motors driving 
individual machines transmit the 
power through chains running in oil, 
or through pinions and gears. The 
chain has the advantage of quietness, 
but in order to get the correct reduc- 
tion in speed on some machines pin- 
ions and gears are used. There are 
pinions of various compositions on 
the market that stand up well under 














severe service. On very large gears 
wooden teeth are used quite fre- 
quently and give good service. Belt- 
ing is used to transmit the power 
from the lineshafts to the washers, 
squeezers, and reel shafts in the 
bleach department. These belts re- 
ceive very severe service. They are 
required to transmit the power re- 
gardless of dampness and on many 
occasions when water actually is 
squirted on them through a washer. 
or squeezer roll housing. Rubber 
belting has proved itself under these 
conditions.. It resists the action of 
water and steam from hot washers, 
chemic and sour solutions, and is effi- 
cient as a power transmitter. A 
great many of the processes in the 





bleach department are continuous; 
the cloth in rope form is pulled 
through one machine, up over reels 
and through several pot eyes, then 
on through other machines. Uni- 
form speed must be maintained so 
there will not be too much slack in 
the cloth, and belts must not have 
undue slippage. 

Many of the machines in the fin- 
ishing departments of bleacheries are 
connected in ranges. Variable speed 
sets are used on a number of finish- 
ing machines in order to vary the 
speed at which the cloth passes 
through it. It is common practice to 
arrange a variable speed set operated 


Water mangle. The drive is of par- 
ticular interest, since it involves the 
use of clutch, gears, and belts. 


Delivery end of tenter, showing fan 
and heater mounted on top of hous- 
ing. Note the variable speed unit 
shown in the upper right hand corner 
of the illustration. 





by a compensator between a set of 
dry cans and tenter. In order to 
keep just the correct tension on the 
cloth between the two machines this 
compensator bar, resting on the cloth, 
actuates the variable speed set by 
means of a small electric motor. Con- 
stant varying of speed causes severe 
service on the variable speed belt. It 
is usual practice to mount the vari- 
able speed devices overhead and 
swing a drip pan under them to catch 
any flyings from the wearing of the 
belt and insure against oil dripping 
on cloth in process. 

Many centrifugal pumps are used 
in bleacheries for pumping liquid 
caustic soda to the chemical mixing 
department, returning weak liquors 
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from the mercerizing machine, and 
pumping chemic. For this class of 
service the side-suction pump with 
open-type impeller directly con- 
nected to motor is used almost en- 
tirely. For caustic soda solution in 
various concentrations the pump is 
built so that all parts coming in con- 
tact with the solutions are made of 
cast iron. It is difficult to keep the 
packing in good condition, due to the 
small area of the bearing, and the 
bearing wears rapidly. When the 
packing is tightened the shaft rises 
slightly, due to the shaft riding on 
a film of packing. The packing 
wears rapidly, and great quantities of 
the solutions are lost. This trouble 
has been almost eliminated by some 
manufacturers by building the pumps 
with an extra long inside bearing and 
extra deep packing gland. One of 
the most severe services which 
pumps are required to stand is the 


Starch mangle in range with dry cans 
and tenter. 


Typical water mangle with scutcher 
mounted above. 


pumping of chemic or sodium hypo- 
chlorite. Hard lead or lead lined 
pumps are being used extensively for 
this work. There are several pumps 
on the market made of special alloys 
that also hold up well. 

The pressure boiling kiers in the 
modern bleacheries are fitted with 
pump and heater circulating systems. 
The pumps circulate the boiling liq- 
uor from the bottom of the kier and 
spray it on the cloth in the top. This 
process is carried out continuously 
for 8 to 12 hours at 15 Ib. pressure. 
All iron-fitted pumps are used for 
this purpose. Practically all the 
pumps going into this service now 
are the horizontal, split-casing type, 
double-suction, directly connected to 
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electric motor. The packing glands 
must be very deep, as it is extremely 
difficult to keep packing in pumps 
handling boiling caustic liquors. 
Many motors are burned out on 
pumps in this service due to the 
packing blowing out, allowing the 
liquor and steam to get into the wind- 
ings. When the packing blows the 
liquor is lost, allowing the kier to 
drain and leaving the cloth to dry in 
the kier, with resulting injury to the 
fabric. The newest pumps, with the 
extra-deep packing glands, have elim- 
inated a great amount of this trouble. 
The usual water-seal piping is not 
used to a great extent on pumps in 
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this service, as it very soon becomes 
stopped up with caustic crystals and 
other material in solution. This pip- 
ing is replaced by a large grease cup. 

Electric motors receive severe 
service, especially in the bleach and 
dyeing departments, because of 
dampness, steam, and _ corrosive 
fumes coming from washers, boil- 
out, and dye machines. It was a fre- 
quent occurrence for motors to burn 
out before the advent of weather- 
proof motors. Starting compensa- 
tors, controllers and grids are all 
subject to severe corrosive fumes and 
dampness in this department. In the 
new plants, considerable thought is 
given to the correct selection of a 
place to mount them. Practically all 


power wiring is encased in conduit 
having a coat of corrosive-resisting 
paint. Electric light drop cords have 
extra-heavy insulation to resist the 
moisture and corrosive fumes. 
Conveying the chemicals and solu- 
tions to the various machines was at 
one time quite a problem. It has not 
been entirely solved, although much 
progress has been made. The caustic 
and alkali solutions are handled best 
in wrought-iron pipe. Sodium hypo- 
chlorite and acid solutions are han- 
dled in special lead-composition pip- 
ing, bought in coils containing about 
30 ft. The ends are put together by 
using an iron flange which slips over 
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the end of the pipe. The pipe is 
then peened flat against the flange, 
forming a lead gasket. Thus it is 
possible to have a continuous lead 
pipe that can be taken apart easily 
should a stop-up occur. There is 
other metal-alloy pipe on the market 
that serves well. Rubber-lined valves 
with renewable soft rubber inserts, 
special lead, and composition-metal 
valves are used. 

Water is one of the most impor- 
tant raw materials in a bleachery. It 
is often taken from a filter plant 
which does not have _ technically 
trained operators. The water in ap- 
pearance may be perfect, but from 
a chemical standpoint it may be 
highly acid, due to an excess of co- 
agulant being used without neutral- 
ization. Here is the cause of severe 
service in the form of corrosion in 
water piping. In addition to the cor- 
rosion of pipes, considerable trouble 
is caused in the processes, due to the 
rust getting into the solutions and 
discoloring them. It also causes 
stains on the cloth passing through 
the washers. This trouble has been 
entirely eliminated in most of the 
modern plants where the filter plant 
is under technical control and where 
the water is properly neutralized to 
control the hydrogen ion or pH con- 
centration. 
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W hat Severe Service Is 


S THE basis on which this issue of Industrial 

Engineering is built, severe service is defined 
as ‘‘Service rendered under conditions that lead 
to abnormal wear or corrosion, or impose unduly 
severe stresses on equipment and plant buildings 
and structures.” 

Abnormal wear is wear greater than may right- 
fully be expected from a given type of equipment 
under normal conditions. 

Unduly severe stresses are stresses beyond those 
for which the equipment was designed. 

When is service severe? Perhaps it is natural 
to think of massive equipment as rendering that 
kind of service. This is not necessarily true, how- 
ever, because it is likely that no load is so heavy 
as to make impossible the design of equipment 
to carry it. Huge steam engines, locomotives, 
generators, derricks do their work as easily as do 
tractors, small motors, small lathes, and similar 
machines—so long as the loads are kept within 
the limits under which the designers intended the 
equipment to be operated. 

At the same time it may be accepted that some 
requirements are not subject to precise measure- 
ment. ‘Thus on any equipment service may be 
severe as a result of shock loads, vibration, revers- 
ing, sudden starting and stopping, and overloads. 
High speeds, because of incomplete knowledge 
concerning their effect and the best design to take 
care of them, also may be classed as one of the 
causes of severe service. 

All materials are subject to wear, the amount 
depending upon conditions. When the air sur- 
rounding the material, in the form of equipment, 
is filled with abrasive; when excessive loads are 
applied; when lubrication is faulty, due to lack 
of attention, poor design, wrong lubricant, unsuit- 
able lubricating devices—the demands made upon 
the equipment may be far heavier than intended 
by the designer. Such conditions constitute severe 
service. 

Acid fumes, alkali fumes, moisture in air, and 
water cause corrosion, another of the severe serv- 
ice influences. 

The designer has a good chance of forestalling 
undue wear, corrosion, breakdown, and short life 
if he knows the severe service conditions that exist. 
The user has the opportunity to prolong life and 
obtain good service by protective measures. He 
also has many opportunities to improve operat- 
ing conditions, although it is admitted that some 
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objectionable conditions must be accepted as un- 
avoidable. 

It is important then, that the designer recognize 
severe service conditions when he encounters them 
and know the procedure that will counteract them. 
The user should understand protective measures 
and have the knowledge that will enable him to 
keep the equipment in operation when conditions 
are not subject to correction. He should know, 
also from his records and from the data of manu- 
facturers, the approximate life that may be ex- 
pected under given conditions. 








Artificial Lighting 
and Efficient Continuous Operation 


f lisiees modern factory depends fundamentally 
upon machinery and lighting. For efficient 
continuous operation both are not only necessary 
but should be of modern design and should be 
maintained. Executives are well aware of the im- 
portance of machinery, but nine out of ten of them 
are not consciously aware of the parallel in light- 
ing. 

The work-place of today which does not have 
good artificial lighting is, in this respect, an anti- 
quated survivor of yestercentury when artificial 
lighting was undeveloped. Now, artificial light 
need no longer be merely a poor substitute to be 
used when daylight fails. It costs no more than 
daylight and it is superior in a number of respects. 
It can be obtained when and where desired. It 
need seldom fail. It can be used effectively to sup- 
plement daylight, thereby making daytime opera- 
tions in work-places safer and more efficient. It 
also makes possible multiple-shift or continuous 
operation. 

Possessing all these and other characteristics, 
artificial lighting should be rescued from the class 
of expense items. It becomes worthy of the best 
attention. The design of an artificial-lighting 
system should be of the type dictated by its im- 
portance and possibilities. It should provide with- 
out glare the highest intensity of illumination 
economically justifiable. And it should be obvious 
that the lighting equipment and the reflecting sur- 
faces upon which better lighting depends should 
be systematically maintained. 








A Plea for Better-Traveled 
Plant Engineers 


f pence man of average intelligence cannot take 
even a short trip away from his usual sur- 
roundings without having ideas attach themselves 
to him. To become infected with the germs of a 
disease the subject must be exposed where the dis- 
ease exists. To become infected with idea germs 
and method germs requires exposure in the places 
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where these germs have already been doing work. 

Non-traveled people, be they race, nation, tribe, 
individuals, are not as progressive as their well- 
traveled kind. Our western Indians and our 
southern mountaineers give ample proof of the 
truth of this statement. 

Gradually the executive, production, and pur- 
chasing divisions of industry have come to realize 
that their members must see how their jobs are 
done by others than themselves. These men are 
not trying to run their jobs entirely from their 

desks. ‘The same line of reasoning could be ap- 
plied profitably by the members of the plant engi- 
neering division of industry. ‘‘What methods and 
equipment do others have that we don’t know 
about? How are they organized to do the work? 
How do their costs and ours compare?”’ are some 
of the questions that the plant engineer should 
have on his mind when he goes traveling. 

This plea for better-traveled plant engineers is 
made with full appreciation of the fact that In- 
dustrial Engineering is furnishing just the kind of 
information that it is advising the traveler to seek. 
The editors know that no plant engineer can get 
all of the information he needs as a result of his 
own traveling, and that the inspiration he receives 
from his personal investigations will only spur him 
to more intensive study of the balanced, explicit 
information conveyed to him in his publication. 








Mill Supply Houses and the 
Plant Engineer 


HE men responsible for the plant engineering 

function are interested in the distribution of 
mill supplies. Except when ordered for stock, 
immediate delivery of the supplies almost always 
is imperative. It is there that the mill supply 
house, as distributor, fills an economic function. 

Prompt delivery is the most obvious service 
rendered to the plant engineering group by the 
distributor, but through direct contact with his 
customers, and by supplying engineering advice, 
he provides additional valuable service. 

For the manufacturer as well as the consumer 
the distributor renders a warehouse service, thus 
reducing the inventory investment of both. 

Some kinds of machines can be distributed at 
least cost by means of direct selling . Possibly some 
kinds of auxiliary equipment fall into the same 
category. The business of some companies is so 
extensive, and those companies have such vast 
financial resources, that branch offices, including 
warehouses, are economically maintained by them. 
However, for the manufacturer of mill supplies 
who is small, or of average size, the mill supply 
house is, logically, the economical distributor. 

Consumers, if they rely upon mill supply houses 
in. time of emergency, should buy from them also 


June, 1929—Industrial Engineering 








when ordering for stock or for long delivery. It 
will be found, moreover, that there is a great deal 
of worth while engineering information possessed 
by the mill supply houses which, when made avail- 
able, will have a reducing influence on operating 
costs. The plant engineer is urged to take ad- 
vantage of this information. His inquiries will be 
welcomed by the progressive distributor of mill 
supplies. 


Have You Studied the Advantages of 
Short-Center Drives? 
a belt drives are by no means 


new, but it is safe to say that the advantages 
they offer when properly designed and installed 
are seldom fully recognized. As industrial plants 
become more crowded and space takes on new and 
higher values, the desirable features of compact 
and efficient drives operating on short shaft-center 
distances are certain to stand out prominently. 

Drives that enibody an‘idler pulley to increase 
the arc of contact and regulate belt tension are 
often looked upon as “‘belt killers,” and something 
to be avoided whenever possible. As a result, they 
are sometimes installed only as a last resort and 
operated under conditions which are so funda- 
mentally wrong that no belt could be expected to 
give anything like satisfactory service. To con- 
demn a short-center drive for failure to stand up 
under conditions that would cause early failure of 
even an open drive is not only unfair, but fore- 
stalls the wider use of a method of driving that 
has much to recommend it. 

Such drives are not cure-alls for every power 
transmission problem; nor are they proof against 
misapplication, ignorance in design, or abuse in 
operation. All of the factors affecting the life and 
efficiency of these drives may not have been fully 
evaluated, but there is plenty of experience to 
show that due consideration must be given to the 
allowable minimum pulley diameters, speed, belt 
tension, location of idler and other factors. 

On the other hand, when a short-center drive 
is properly designed, just like any piece of equip- 
ment that is worth shop room, and used under 
conditions that are not hopelessly bad, it may con- 
fidently be expected to serve well, at low cost. 














“Are You Ready for the Question?” the new 
department introduced last month, has been 
crowded out of this special issue. This news 
should be welcomed by readers of Industrial 
Engineering who have something to say but have 
not found time for preparation. 

Last month’s question was, ‘‘What Shall Be 
the Maintenance Policy?’ There is still time 
to get your discussion in for July publication. 
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The belt drive used on the fan installation shown has given 11 years of 
trouble-free service. 


EEPING ahead of trouble 
Kv equipment in the wood- 

working industry, according 
to C. M. Kindel, of the Kindel Fur- 
niture Company, Grand Rapids, 
Mich., manufacturer of wood beds 
and other furniture, is only a matter 
of keeping up-to-date with the equip- 
ment you use. Oftentimes troubles 
that may be characterized as the re- 
sult of severe service operations or 
conditions are no more than the 
effects of poor, and in some cases, 
improper design of equipment, in 
addition to the usual amount of abuse 
received from the operators. Neither 
cause, however, is it impossible to 
correct. As a matter of fact, im- 
provements are being incorporated in 
the equipment just as fast as they 
can be developed after the defects 
have been brought to light. 

Until a year or more ago this plant 
was driven entirely by lineshafting 
with group motor drive, taking serv- 
ice from the local power company at 
30 cycles. Because of the hybrid 
frequency it was felt that expansion 
would become too much of a burden; 
consequently the company installed 
its own generating equipment and 
now produces 60-cycle current for 
the operation of all equipment. 


The distribution of 440-volt power 
is localized in the room in which 
power is generated and converted 
to a different frequency for special 
drive purposes. An accompanying 
illustration shows the exciter installa- 
tion with its extremely short-center 


296 


drive medium which is in continuous 
service under varying temperature 
and humidity, due principally to the 
presence of a slight amount of steam. 

Incidentally, considerable trouble 
was experienced with the lubrication 
when this generating equipment was 
placed in operation. Although the oil 
specified had been applied, it was 
found to emulsify at the operating 
temperature, a condition necessitating 
the use of a greater quantity of oil 
to keep the equipment in service. 
In order to restrict the loss of high- 
grade lubricant a filter was built 
having two passes through which the 
oil was carried after passing through 
the general oiling system. To an ap- 
preciable extent satisfactory results 
were obtained with the use of the 
filter, but it was felt that a greater 
improvement was possible. On this 
assumption a small separator, such 
as one finds in the dairy industries, 
was incorporated in the oil return 
system to remove the excess water 
remaining with the oil after it had 
passed through the filter. The addi- 
tion of this device accomplished its 
purpose, but there remained in the 
oil excess heat which should be ex- 
tracted. For this operation well wa- 
ter was used as the cooling medium 
about the coils containing the oil, 
thereby lowering its heat content 
about 40 deg., completely overcom- 
ing the difficulty. 

As far as was expedient, all over- 
head shafting was removed in keep- 
ing with the plan to centralize the 


HIGH SPEED 
DUST 
VIBRATION 


equipment and drives. Several illus- 
trations show what remains of the 
old order of operation. An effort has 
been made to simplify installation 
according to the functions the ma- 
chines must perform, the final in- 
stallations taking the form of modi- 
fied group drives. One of these 
installations is the drive arrangement 
for vertical and horizontal boring 
machines which are used so inter- 
mittently that a separate drive for 
each machine was unnecessary. The 
motor is mounted on wooden brack- 
ets attached to a column and drives 
a jack shaft with its complement of 
loose and keyed pulleys. Leather 
and fabric belts are used. A quar- 
ter-turn drive connects the vertical 
borer, a close-up of which shows the 
condition of the main drive belt after 
approximately six years of service in 
this location. The chief cause for 
this condition is the dry and warm 
atmosphere encountered near the 
ceiling, ‘which deteriorates the belts 
at rest just as rapidly as when they 
are in operation. The natural oils 
in the belt are extracted and grad- 
ually the belt cracks when passing 
around the pulleys, especially those 
of small diameter, until it is no 
longer fit for service. Opening at 
the splices is a common occurrence 
under these conditions; the remedy 
is re-cementing if the balance of the 
belt is worth the effort. 


Because of the endless amount of 
work required in overcoming the ef- 
fects of severe service, all belts, re- 
gardless of their type, are retained 
on their drives at this plant until they 
are no longer fit for service. The 
average life of belts is indefinite, but 
the minimum life under continuous 
service has never been less than six 
years, and those failing in this period 
of operation are assumed to have 
been abused while in service. 
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All belts are kept fairly tight to 
avoid undue slippage, even the belts 
working on long centers, and it is 
considered necessary to keep them 
tight because of the action of the 
fine wood dust which, when it settles 
on the drive, acts as a lubricant and 
contributes to the normal slip. As 
a corrective measure a_ certain 
amount of belt dressing is used pe- 
riodically, but on the whole its use 
is restricted to drives that are in 
more or less continuous service. 

One of these drives is shown in 
an accompanying illustration. It is 
a spindle sander driven by a 3-hp., 
squirrel-cage motor anchored to the 
cement floor in the basement and 
driving a section of intermediate 
overhead lineshafting by means of 
leather belts. Another similar drive 
is shown in the background. Wood 
split pulleys are used on the first 
reduction, while solid, cast-iron pul- 
leys are used in the second reduction. 
The split pulley is used on account 
of the facility with which changes 
can be made. The only severe serv- 
ice encountered in this installation is 
in the short-center drive of the in- 
termediate shafts. Practically no 
trouble has been experienced because 
of the twisted belt in the final reduc- 
tion to the sander. These belts, as 
well as the bearings in the lineshaft 
hangers, have given approximately 
eight years of continuous service 
without failure. 


Close-up of bronze-lined sleeve bear- 
ing on a shaft in the double-end sur- 
facer. The effects of severe service 
from high speed and resultant vibra- 
tion under continuous service are 
plainly shown. 
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Similarly, the transmission equip- 
ment shown in the companion illus- 
tration has rendered very satisfactory 
service, representing as it stands 
what is left of the original lineshaft- 
ing. One portion of the plant is 
devoted to setting up the cutting tools 
used in the automatic machines. The 
principal requirement of this drive 
is to provide power for the abrasive 
wheels used to sharpen the cutting 
knives. The motor is mounted on a 
column in the middle section and 
from which elements extend the 
drive to the various machines com- 
pleting this group. The same type 
of transmission elements is used here 
that is used on the spindle-sanders. 

Belt speeds are not high except on 
the grinders and the load is nothing 
to speak of; consequently severe 
service is lacking. The equipment 
is free from dust and dirt; in fact, 
everything is in favor of the drive, 
and no wonder it was impossible to 
determine its trouble-free period. 


Close-up of belts driving boring ma- 
chines. They have been in service 
six years. Both leather and fabric 
belts are used. 


A triple-drum, 42-in. sander driven 
by a 20-hp. overhead-mounted motor. 


















mt Full Lf fictency of Equipment 


Contrasted against these installa- 
tions is the automatic drum sander, 
shown in one illustration, which is 
driven by direct-connected motors 
through flexible couplings. The first 
two motors are of 10 hp. capacity, 
the end motor being of 7% hp. ca- 
pacity. Machine and motors are 
equipped as one unit and controlled 
by cross-the-line starters having in- 
dividual pushbuttons convenient to 
the operator. The feed mechanism 


is driven from the center motor by 
means of a belt, and a sprocket chain 












Fifteen machines are driven from the motor-driven, overhead lineshaft, 
at the right. A 15-hp. motor is used. 





Bronze bevel gears transmit the power from the lineshaft to the bits on 
this adjustable borer. Carelessness on the part of operators, in lubricat- 
ing, caused frequent repair. 





Eleven fractional horsepower motors divide the load on this double-end 
borer to offset the effects of severe service that is usually imposed upon 
one drive unit. 
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to gears in the speed control box at 
the front. 

Inasmuch as the fine dust and 
shavings, the by-products of wood- 
working operations, are utilized in 
the boiler plant to supplement the 
coal used as fuel, dust collectors have 
been installed to remove the greater 
portion of these by-products in addi- 
tion to the abrasive material thrown 
off from the sander cloths. The effi- 
cient removal of this material prac- 
tically eliminates the general causes 
of trouble. As a result motors can 
be of the open type and arranged 
for oil lubrication. The operating 
speed is 1,160 r.p.m., which is not 
considered too high for this class of 
service, yet bearing trouble had to 
be ironed out on this installation. 

Ball bearings are used in the cyl- 
inder heads and a fractional mis- 
alignment was found to be responsi- 
ble for the trouble. It was also as- 
sumed that the bearing surface was 
insufficient for the work the machine 
was expected to perform. On this 
account it was necessary to apply the 
necessary corrective measures for the 
satisfactory operation desired. In 
another case defects had been dis- 
covered in a machine that had not 
reached the point of obsolescence and 
before satisfactory operation was ob- 
tained $150 had been spent for parts 
and about 50 hours of labor put on 
the job. The point to be brought 
out here is that it would have been 
more economical if the money and 
time had been applied toward the 
installation ofa modern machine 
which was obtainable at a cost of 
approximately $850. Severe service 
under continuous operation had de- 
preciated the entire equipment until 
rebuilding or replacement became 
necessary, only after the decalog of 
troubles had been experienced. And 
with the rebuilt machine the same 
troubles are to be expected, whereas 
with its successor the improvements 
incorporated would have eliminated 
the majority of them. 

With the exception of the price of 
the replacement unit, a similar exam- 
ple is given in connection with the 
boring machines shown in. accom- 
panying illustrations. The earlier 
type is belt driven, having a counter- 
shaft at the rear running the entire 
length of the machine. Bevel gears 
on the upper shaft transmit power 
to the adjustable bits on the sliding 
head below. Continuous operation, 
coupled with lack of attention on the 
part of the operators, necessitated 
frequent repairs and repair parts to 
this gear train. In addition, there 

















was the factor of production, which 
was limited on this type of machine; 
consequently each shutdown for re- 
pairs became more critical as the 
machine depreciated. Center-to-cen- 
ter boring distance between bits was 
too limited for the requirements, and 
so was the 3-hp. motor as a source 
of power. Although it is still in 
serviceable condition it is not used 
in straight production work.. The 
double-end borer takes its place; it 
is driven by 11 fractional horsepower 
motors, most of which are visible in 
the illustration shown. 

In this industry high speed is nec- 
essary because of the nature of the 
work, and, where it had been ob- 
tained by belts and speed increasers 
formerly, lately use has been made 
of the frequency changer as a direct 

_means of obtaining the resultant ef- 
fect. At speeds above those encoun- 
tered in other industries vibration is 
introduced which has a deleterious 
effect on all parts of the machine 
unless revolving parts are in perfect 
balance; nevertheless, with or with- 


out perfect balance, excessive wear. 


of parts can be expected. Both 
methods, however, are used here to 
obtain the high speed necessary for 
certain operations, one of which is 
that of turning down large spindles. 
A speed of 7,200 r.p.m. is obtained 
at the tool by the use of belts having 
extremely short centers and with 
which tension devices are used to 
prevent undue slip. Another opera- 
tion is that of planing, which is done 
on a double-end surfacer with a cut- 
ting speed of 5,250 r.p.m., obtained 
by the use of a 90-cycle motor direct- 
connected to the unit, replacing the 
former belt method of obtaining the 
same operating speed. The motor, 
the lower portion of which is illus- 
trated, is rated at 2214 horsepower. 

That high speed is responsible for 
bearing wear is substantiated by the 
illustration showing the air gap in 
the bronze-lined sleeve bearing on 
this surfacer. The bearing on the 
opposite end of the shaft shows the 
same amount of wear, which will 
soon necessitate replacement of these 
parts. Here it is standard practice 
to provide bronze sleeve bearings on 
all drives of 3 hp. capacity or less 
and babbitt sleeve bearings on drives 
of larger capacity. Anti-friction 
bearings have been installed, particu- 
larly with the newer equipment, but 
as yet no yardstick is available to de- 
termine the life that can be expected. 
Contrasted against the former 
method of drive, that is, lineshafting 
from a central source of power, life 
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Tight belts and high speed are responsible for most of the bearing 
troubles. A speed of 3,600 r.p.m. is required to operate this spindle 
turning machine. 





A leather belt, 38 in. wide on a 40-ft. center, which has been in continu- 
ous service for a period of five years. 





Spindle sanding machine drive with intermediate lineshaft to obtain 
needed 2-speed reduction. Approximately eight years of continuous 
service has been obtained from this belting. 








Exciter installation with its extremely 
short-center drive connection which is 
operating under conditions of vary- 
ing temperature and humidity. 


A condition of unsatisfactory lubri- 
cation resulting from the conversion 
of a belt-driven unit to direct drive 
with the use of frequency-changing 
equipment to provide 5,250 r.p.m. 
speed for operation. An excess of oil 
must be supplied to the bearings. 


and operating conditions have been 
observed so as to determine the ex- 
pectancy of belt drives, but even so 
there is a difference of opinion as to 
the efficacy of direct drive over the 
belted drive. 

In the Robert W. Irwin Furniture 
Company plants the group drive is 
preferred over the individual drive, 
and the reason for it, according to 
the chief of maintenance, is that the 
results are determined by the method 
of installation employed. Severe 
service will be the result if good 
practice is sacrificed for expediency. 

One of the illustrations shown em- 
phasizes this point. The installation 
is that of the fan used in a portion 
of the dust-collecting system, and the 
drive is considered to be just about 
as serviceable as possible. The belt 
and other drive parts have given so 
far eleven years of continuous, 
trouble-free service, and in the past 
two years of its use it has been in 
operation 16 hours a day. The un- 
derside of the belt is the driving side, 
and with other requirements satisfied, 
such as belt width and speed, the top 
side will tend to take the curve or 
catenary form that assists in reduc- 
ing slippage by increasing the arcs 
of contact. 

Two plants of the Robert W. Ir- 
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win Company, the Phoemx and the 
Royal, are engaged in the manufac- 
ture of furniture. They are a short 
distance apart, yet too far to permit 
of driving both from the same cen- 
tral lineshafting. The former plant 
is the older and is driven by a system 
of rope drives from lineshafting that 
in turn is belt-connected to every ma- 
chine in the production line. Indi- 
rectly, the Royal plant is driven from 
the same source of power, but it is 
totally electrified. A heavy-double, 
38-in. leather belt on a 40-ft. center 
drives a 400-kw. generator located in 
the engine room of the Phoenix 
plant. This installation has been in 
service for over five years without 
any trouble whatsoever. The gen- 
erator exciter, as shown in this illus- 
tration, is driven from the coupling 
on the generator shaft. 

Ball bearings are being used in 
motors extensively, and to avoid 
trouble every six months they are 
taken down, cleaned thoroughly, re- 
packed with fresh grease, and re- 
turned to service. With this kind of 
attention under normal operating 
conditions the troubles common to 
the ordinary sleeve bearings are 
avoided. 

Double-ply leather belts only are 
used; they are kept in service until 
their condition necessitates replace- 
ment. The period of operation is 
from eight to fifteen years and, if 
the condition warrants reconstruc- 
tion, the belts are laundered and re- 
built by the addition of a new ply 
for the worn-out ply, the new ply 
becoming the top side of the belt 
when it is returned to service. 





Direct-driven automatic drum sander which developed bearing trouble 
that was finally traced to misalignment. 
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Power IRANSMISSION 





Lhrough Steel Shaftmeg 


is widely employed for the dis- 
tribution of power because of 
its low cost and adequate strength 
for the average power requirements. 
Shafting can be secured of almost 
any diameter desired, and if it were 
just a matter of shafting alone, any 
size that was properly adapted for 
the work would suffice. However, 
other appurtenances are necessary, 
such as bearings, clutches, couplings, 
collars, pulleys, etc.; so certain sizes 
have become accepted as standard 
and are carried in stock by all 
machinery and mill-supply houses. 
Cold-rolled steel shafting is regu- 
larly carried in stock in lengths of 
10, 12, 16, 18, 20, 22 and 24 ft. Odd 
lengths must be cut from stock bars. 
To facilitate shipment it is best to 
employ shafting not over 22 ft. long. 
lf longer, there is usually some delay 
in handling by the railroads because 
of the necessity of securing special 


(is wiaey emp steel shafting 








cars. Furthermore, extra-long bars 
on m 
1] 
HEAD 





Fig. 1—General arrangement of head- 
shaft in relation to the prime mover. 


ke oe 


are more easily sprung. For all prac- 
tical purposes, shafting should not be 
used longer than 20 ft. 

The average cold-rolled steel shaft- 
ing has an ultimate tensile strength 
of 40,000 to 50,000 Ib. per sq. in. and 
an elastic limit of 25,000 to 30,000 
lb. per sq. in.; therefore, for general 
industrial driving it is amply strong. 

In transmitting power, shafting is 
usually subjected to a twisting or 
torsional action, due to the power 
transmitted, and a bending action 
caused by the weight of the pulleys, 
couplings, clutches, gears, the shaft 
itself, and the belt pull. Of these 
two stresses, bending is usually of 


‘une, 1929—Industrial Engineering 





By WILLIAM STANIAR 


Chairman of the Advisory Board 
Power Transmission Association 
Power Transmission Engineer 
E. I. du Pont de Nemours & Company 
and Subsidiaries, Wilmington, Del. 


greater importance than the twisting 
action. 

To determine accurately the effect 
of these combined stresses requires 
involved mathematical calculations. 
These should be made where large 
shafting is to be employed, but 


position of the headshaft. A shaft 

in this position is usually short and 

should be substantially supported. 
For determining shaft sizes: 
Horsepower = D* R -> 125, and 





Shaft diameter = W125 x hp. +R 
in which 
Hp.— horsepower 
D = diameter of shaft 
R = revolutions per minute 
125 = constant 


for a combined 





— 





Fig. 3—Steel slotted insert for supporting lineshafts. 


for the average group-line, head-, 
counter- and jackshafts used, em- 
pirical formulas have been developed 
that meet the requirements. 
Headshafts or First Shaft from 
Prime Mover—The shafts next to 
the source of power naturally must 
take the full load and stand the great- 
est stresses. Fig. 1 illustrates the 





Fig. 2—The cast-iron socket insert 
for supporting steel work for shafting. 


bending and twisting strain 
of 2,800 Ib. per sq. in. 


The constant, 125, is a low 
strength allowance for cold-rolled 
steel of 40,000 to 50,000 Ib. per sq. in. 
ultimate, and should be used only 
when a headshaft is working unde. 
heavy strains or when equipped with 
clutches, shifters, gears, etc. For 
average headshaft work, use 110 as 
a constant in the formula given, 
which is equivalent to a working 
strain of 3,000 Ib. per sq. in. 


The average headshaft requires 
two bearings, and at times three or 
four, depending upon the load and 
length. When more than four bear- 
ings are required, the shaft becomes 
a head-line shaft. 


Jack or Intermediate Shafts—In 
many cases it is necessary to transmit 
power by belting from one lineshaft 
to another when the distance is too 
great for a practical belt center. 
Under such conditions the jack- or 
intermediate shaft is employed. 
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For calculating the size: 
Horsepower = D* R ~~ 100 and, 
Shaft diameter = ¥/100 x hp. +R 
in which 
Hp.= horsepower 
D = diameter of shaft 
R = revolutions per minute 
100= constant for a combined 
bending and twisting strain 
of 3,200 lb. per sq. in. 


(Note.—If a shaft of this character acts 
as an intermediate between a head- and 
lineshaft and takes the full load, use a 
constant of 110 in the above formula, 
which is equivalent to a working strain of 
3,000 Ib. per sq. in.) 


This type of shaft is usually hung 
from the ceiling or roof truss or is 
supported from a wall. 

Lineshafting—The lineshaft is the 
general distributor of power and thus 
carries the greatest dead weight in 
addition to power pulls or strains. 
It is, as a rule, loaded heavily with 
pulleys, clutches, couplings, collars, 
etc.; therefore, it must be well 
supported. 

For heavily-loaded lineshafts 75 to 
100 ft. long, and with bearings on 
approximately 8-ft. centers: 

Horsepower = D* R - 100, and 
Shaft diameter = ¥/100 x hp. +R 
wherein 

Hp.— horsepower 

D = diameter of shaft 
R = revolutions per minute 
100 constant for a combined 
bending and twisting strain 
of 3,200 lb. per sq. in. 

For medium-loaded lineshafts 50 
to 75 ft. long and with bearings on 
approximately 8-ft. centers, use the 
same formula with 90 as the constant 
—equivalent to a combined bending 
and twisting strain of 3,500 Ib. per 
sq. in. 

For medium-loaded lineshafts 20 
to 50 ft. long and with bearings on 
approximately 6-ft. centers, use the 
same formula with 75 as the constant 
—equivalent to a combined bending 








and twisting strain of 4,000 lb. per © 


sq. in. 

Lineshafting is supported either on 
the ground or floor, or hung from the 
ceiling, roof trusses, or walls. Four 
or more bearings should always be 
used on a lineshaft, and to facilitate 
alignment they should be of the ad- 
justable type. 

Countershafting—A_countershaft 
is usually a short shaft placed be- 
tween the lineshaft and the machine 
to be driven. Its chief functions are 
to control the power to the mechan- 
ism and either reduce or increase the 
speed. If the power is controlled by 
a shifting belt, the tight and loose 
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Fig. 4—The Woodruff key may be 


used on shafting up to 2% in. in 
diameter. 
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Fig. 5—This is a gib-head key. 
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Fig. 6—Sunk keys are used where 
neither end of the key is accessible 
for drifting out. 








Fig. 7—Feather keys allow length- 
wise movement along the shaft, but 
prevent turning. 





Fig. 8—The solid-type collar is used 
at the end of shafting where it can 
be removed without disturbing other 
equipment. 





Fig. 9—Split shaft collar with safety 
features for the setscrew. 
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pulleys are on the countershaft. If 
clutch-controlled, the clutch is usually 
on the countershaft. 


For calculating the size: 
Horsepower = D* R +75, and 
Shaft diameter = 75 x hp.-- R 
in which 
Hp.— horsepower 
D = diameter of shaft 
R = revolutions per minute 
75==constant for a combined 
bending and twisting strain 


of 4,000 Ib. per sq. in. 


Countershafting for machine tools 
is generally supported from the ceil- 
ing or upper steel work by cast-iron 
or steel drop hangers equipped with 
adjustable bearings, or from a wall 
on cast-iron wall brackets equipped 
with adjustable bearings. 

Forged-Steel Shafting — Forged- 
steel shafting is made from a steel 
ingot of the proper size by working 
under a steam hammer, after which 
it is turned to the exact diameter in 
a lathe. It is better and safer to use 
forged shafting in all sizes above 
6-in. diameter. 

Forged-steel shafting possesses an 
ultimate tensile strength of 60,000 to 
70,000 per sq. in. and an elastic limit 
of 30,000 to 36,000 Ib. per sq. in. 


Nickel-Steel Shafting— The re- 
markable tensile strength, elastic 
qualities, and ductility of nickel steel 
have resulted in considerable use in 
shafting. In places where ordinary 
shafts have failed from fatigue, the 
higher elastic limit of nickel-steel 
shafting tends to prolong its life in- 
definitely; at the same time, its 
superior toughness offers greater re- 
sistance to sudden stresses. 

Three and one-half per cent nickel- 

steel shafting possesses an ultimate 
tensile strength of 110,000 to 125,000 
lb. per sq. in., and an elastic limit of 
80,000 to 90,000 Ib. per sq. in. 


Vanadium-Steel Shafting — Vana- 
dium steel has lately come into use 
commercially to a limited extent for 
power-transmitting shafting. It pos- 
sesses great strength, uniformity, and 
high anti-fatigue qualities, and will 
withstand torsional, bending and 
vibrational strains better than any 
other type made. 

Spacing of Bearings—The number 
and spacing of the bearings has a 
direct influence on the dead load a 
shaft will carry without deflecting 
beyond the allowable limits. Power- 
transmitting shafting should not de- 
flect more than 0.01 in. per foot of 
length for efficient operation. 

' There is no definite rule for the 
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exact spacing of bearings because 
conditions are seldom alike. How- 
ever, aS a guide, the following for- 
mula may be used for jack shafts for 
transferring power. The maximum 
allowable distance between hangers 
or bearings, to keep deflection within 
the above limits equals: 


C= Y8/se 
in which 
C = distance between bearings in 
feet 


d = diameter of shaft in inches. 


For shafting carrying the average 
pulley load, and allowing an average 
of 40 lb. per inch of width for the 
pull of the belting: 

C= Visit 

The average headshaft should have 
two or three bearings. It is gen- 
erally equipped with two pulleys and 
the bearings should be as close as 
possible to these pulleys. 

If jackshafting is short and the 
load is light two bearings placed close 
to the pulleys are sufficient. If long, 
use the above formula, but in no case 
should bearings be spaced to exceed 
9-ft. centers. 

Lineshafting usually presents the 
greatest problem of bearing spacing. 
The standard spacing is on 6-ft. to 
8-ft. centers, depending on conditions. 

The main, power-receiving pulley 
should have a bearing immediately 
adjacent on each side. .The remain- 
ing bearings should be spaced as 
mentioned above, and as close to the 
take-off pulleys as possible. 

A pulley, sprocket, clutch, coup- 
ling, or gear should never be placed 
midway between bearings. 


CEILING INSERTS FOR SUPPORTING 
SHAFTING 


In modern industrial buildings 
where the ceilings are of concrete, 
large amounts of steel work or tim- 
bering would be required for sup- 
porting shafts if it were not for the 
cast-iron and steel insert. The socket 
type, shown in+Fig. 2, is set in the 
concrete during construction on 3- to 
4-ft. centers in squares over ‘the 
entire area of the ceiling. Light 
steel work is then bolted to these in- 
serts for supporting the shafting. 

The steel or slotted insert, shown 
in Fig. 3, is chiefly used in concrete 
ceilings for supporting lineshafts. 
These inserts are 18 to 36 in. long 
and are arranged end to end longi- 
tudinally in two parallel lines set at 


a center distance equal to the distance . 


across the bolt centers of the shaft 
hangers. 
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Fig. 10—The widespread popularity of 
flange couplings is largely due to the 
simple and rugged construction. 





Fig. 11—Plain flange coupling with 
separator plate. 





Fig. 12—One type of cast-iron, split, 
ribbed coupling. 





Fig. 13—Sleeve-type couplings are 
made in the solid design only. 








Fig. 14—Universal couplings are made 
in single and double styles. 





Keys AND KEYWAYS FOR SHAFTING 


Pulleys, gears, clutches, couplings, 
etc., are usually fastened to round 
shafting by a rectangular or square 
“key,” which fits into slots termed 
“keyseats’” or “keyways.” Various 
applications require different types of 
keys. The types used are as follows: 

The Woodruff Key—This type, 
shown in Fig. 4, should not be used 
on shafting above 2% in. in diameter. 
It is chiefly employed in automobile 
construction, but is also used in 
machine tools and other machinery. 
Standard dimensions of Woodruff 
keys can be found in mechanical 
handbooks. (A committee of the 
American Society of Mechanical 
Engineers is now engaged in setting 
American standards. 

The Gib-Head Key—This form of 
tapered key, shown in Fig. 5, is 
necessary where the smaller end is 
inaccessible for drifting out and the 
larger end is accessible. It is suc- 
cessfully used with all sizes of 
shafting. 

Sunk Keys—Sunk keys, shown in 
Fig. 6, are particularly adapted for 
use when neither end of the key is 
accessible. 

Feather Keys—This type of key, 
shown in two forms in Fig. 7, is 
straight and is used to prevent parts 
from turning on a shaft while allow- 
ing them to move in a lengthwise 
direction. They are also termed 
“sliding keys.” 

Straight Keys and Keyseats—For 


general industrial use where it is 


necessary to fasten pulleys, sprock- 
ets, gears, etc. to head-, jack-, and 
lineshafting, the straight, square key 
is usually employed. 

When small amounts of power are 
transmitted, such as 1 to 8 hp., spe- 
cial clamping hubs are furnished on 
certain types of pulleys. These re- 
quire no keys or setscrews and for 
the power mentioned give entire 
satisfaction. 

To reinforce and prevent slipping 
of a tight key, setscrews are fre- 
quently employed. This is good 
practice. The setscrew bears down 
on the top of the key through the 
hub of the member secured to the 
shaft. 


SHAFT COLLARS AND COUPLINGS 


Collars are employed on shafting 
chiefly to prevent end movement 
caused by side thrust from belting, 
gearing, chains, etc. Collars are made 
both in the split and solid types. The 
split collar should always be used 
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Fig. 15—Assembled view of a stand- 
ard compression or keyless shaft 
coupling. 

* * K * 


where possible, because it permits 
changes in location without stripping 
the shaft of other units. 

To provide against side thrust on 
short shafting, such as counters or 
jacks, one collar should be placed at 
each end of the shaft next to the end 
bearings. On lineshafting 50 to 75 
ft. long, it is good practice to employ 
four to six collars, depending on the 
side-thrust load. Two collars should 
be placed at the ends of the shaft 
next to the end bearings and two or 
more close to and on each side of 
the intermediate bearings. 

The solid collar with a safety 
feature for the setscrew is shown in 
Fig. 8, and the split collar in Fig. 9. 





Fig. 17—The metal flange and drive 
pin type of flexible coupling. 


* * *K * 


Flange Couplings — The flange 
coupling, shown in Fig. 10, is the 
most universally employed, because 
it is the most substantial. It is made 
of steel or cast iron and with plain 
or male-and-female flanges. The 
plain flange should be used when it 
may be necessary to remove a section 
of shaft at right angles to its center 
line. The male-and-female type tends 
to keep the shaft in truer alignment. 
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but it is more difficult to remove the 
shaft section. Alignment, however, 


- can be secured when using the plain, 


flanged coupling by allowing the end 
of one shaft to project about % in. 
into the other half coupling, thus cen- 
tering the two shafts. 

When it is desired to disconnect a 
flange coupling and operate one shaft 
section independently of the other, a 
separator plate, shown in Fig. 11, 
may be employed between the flanges 
of the coupling. By taking out the 
bolts of the coupling and removing 
the plate, the shaft is separated. 


Ribbed Couplmg — This type of 
coupling, Fig. 12, is made for use on 
shafting from 1 3/16 to 6 in. in 
diameter and is specially adaptable 
for shafting under 2 7/16 in. in diam- 
eter and for the quick erection of 





small line shafting in the field, be- 
cause it can be more easily and 
accurately applied than the flange 
type. 

Sleeve Coupling—This type of 
coupling, Fig. 13, is employed on 
shafting from 15/16 to 1 15/16 in. 
in diameter where loads are light and 
rapid connecting and disconnecting 
of shafting are necessary. It is 
made in the solid type only, and is 
not keyed. 

Universal Couplings—This type of 
coupling, Fig. 14, is made in the 
single and double styles. It is em- 
ployed on shafts meeting at various 
angles. The maximum allowable 
angle between two shafts is 15 deg. 
when the single type is used and 30 
deg. when the double coupling is 
employed. The greater the angle, the 





Fig. 16—These are the component parts of a compression shaft coupling. 





Fig. 19—The leather disc in this type of flexible coupling transmits power 
: between the flanges. 
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lower should be the speed. High 
speeds, 300 r.p.m. and above, should 
be avoided where this coupling must 
be used. 

Compression Couplings—This style 
of coupling, shown assembled in Fig. 
15, and disassembled in Fig. 16, is 
chiefly where a _ dust-proof 
It has no re- 


used 
coupling is necessary. 





cesses or projections, and the bolts 
and nuts are thoroughly protected. 
It is used generally for light service. 

Flexible Couplings—It is an un- 
disputed fact that it is impossible to 
maintain perfect shaft alignment of 
two machines. Misalignment may 
result from many causes. Therefore, 
numerous designs of flexible coup- 





Fig. 20—In this flexible coupling laminated steel springs set into a hub 
keyed to one of the shafts are the resilient elements that compensate for 
both parallel and angular misalignment. 





Fig. 21—The segmental steel spring fits into slots in the two hubs and 
provides a flexible medium for transmitting power between them. 





Fig. 22—One of the largest flexible couplings in the world. 
10,000 hp. at 100 r.p.m. 


June, 1929—Industrial Engineering 





Its rating is 








lings are on the market, all endeavor- 
ing to establish perfect flexibility. 

The flexible coupling is generally 
employed when motors or other 
prime movers are connected directly 
to speed reducers, machines, or 
power shafting, because they permit 
a limited amount of misalignment 
without injury to the equipment. 

Fig. 17 shows a type composed of 
two metal flanges with projecting 
treated-steel drive pins. These pins 
enter bronze-graphite oilless bearings 
surrounded by rubber bushings which 
are fastened to the opposing end. 

Fig. 18 illustrates another principle 
employed in flexible couplings. This 
coupling consists of two hubs each 
keyed to its respective shaft. Each 
hub has an external spur gear keyed 
on it. Surrounding these hubs is a 
sleeve, split and bolted together. 
Each half-sleeve has an external spur 
gear keyed on its bore at the end 
opposite its flange. These gears en- 
gage the external hub gears. A 
slight clearance between the external 
and internal gears permits a certain 
amount of misalignment between the 
two shafts. 

Fig. 19 illustrates the leather-disk 
type of flexible coupling. It consists 
of two outer flanges of cast iron, and 
one central leather disk, with lugs 
cemented and riveted on each side 
for transmitting the power to the out- 
side flanges. 

Fig. 20 shows another type of 
coupling which employs as its resili- 
ent element laminated steel springs 
set into a hub keyed on one of the 
shafts. The free ends of the springs 
bear in tapered slots in a housing 
keyed to the other shaft. This form 
of coupling adapts itself to both 
parallel and angular misalignment. 

Fig. 21 illustrates a type of flexible 
coupling having a range in power 
transmission from 1/3 to 20,000 hp. 
at 100 r.p.m. This coupling is of 
simple construction, employing a 
tempered steel spring in segments, 
two flanged steel disks with slots into 
which the spring members fit, and a 
shell. 

Fig. 22 gives an idea of the size of 
certain type of flexible couplings 
manufactured. This illustration 
shows one of the world’s largest 
flexible couplings in operation at a 
plant of a middle-west steel corpora- 
tion. It has a capacity of 10,000 hp. 
at 100 r.p.m. with a factor of safety 
of five. Parallel misalignment ca- 
pacity is % in. and endwise float 
capacity 1 in. Its weight is 28,000 
pounds. 
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HE Einstein Theory has had 

one useful effect; practically 

no one understands it, but we 

are kept constantly reminded that 

everything is relative. Severe serv- 

ice is certainly no exception. Con- 

ditions are called severe when they 

are more difficult than average con- 

ditions, and more difficult is synony- 
mous with greater cost. 

One is tempted to say that severity 
of service is directly proportional to 
the excess cost above normal, times 
the square of the adverse attitude of 
the executive. Most severe services 
can be overcome by spending money 
for more expensive metals, properly 
designed equipment, and protective 
measures, but the great hindrance to 





such a program is the reluctance of 
managers and engineers to spend 
money in excess of cost of standard 
equipment. 

For example, there is the engineer 
who replaced a worn shaft in a 
motor-driven centrifugal pump with 
a good piece of tool steel. The shaft 
snapped in about three months and 
the second one of the same material 
lasted only one month. The advice 
to use a nickel-chrome steel, heat- 
treated and quenched, sounded very 
expensive. In fact, the. cost was 
more than three times as much in 
metal but, when the cost of machin- 
ing and of installing the shaft was 
considered, the total cost was only 
one-third greater. With a great deal 
of mental agony this expensive type 
of shaft was installed, and ‘the last I 
heard of it, had outlived five tool- 
steel shafts and was going ‘strong. 


* * *K * 


One of the major assets in over- 
coming severe service is the applica- 
tion of intelligent analysis of all 
conditions. The failure to do this is 
more often due to lack of inclination 
than to lack of ability. When it is 
applied, it frequently results in re- 
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Conducted by F. M. GIBSON, Consulting Editor 


Plant Engineer at American Sugar Refining Company 


moving the cause rather than in 
offsetting the resulting conditions. I 
know of one concern that spent 
$4,000 installing dustproof motors 
and bearings as well as other pro- 
tective measures to overcome the 
effects of dust. Finally they spent 
$2,700 to collect the dust where it 
was created. Had this condition 
been properly surveyed in the begin- 
ning, the $4,000 would have been 
saved, to say nothing of the health 
of the operatives, constant cleaning 
and painting, and at times the inter- 
ruption of production. 

The need of analysis not only 
exists in layout or design but fre- 
quently occurs in routine operating 
troubles. I remember an occasion 
when the production department re- 
quested a more powerful motor on a 
centrifugal pump handling syrup. 
The fact that this unit had performed 
satisfactorily for a long period indi- 
cated a change in load conditions and 
upon investigation it was found that 
some of the heating surface had been 
shut off on account of leaks. The 
temperature of the syrup had dropped 
20 deg. and the change in its viscosity 
had increased the power demand 
almost 33 per cent. There is nothing 
brilliant about the handling of such 
an incident yet it is amazing how 
often increased service is supplied 








to overcome some faulty condition 
which should be corrected. It is less 
troublesome to supply the apparent 
need than to hunt for the real 
cause, but horribly expensive in the 


long run. 
ee ee 


In addition to inclination and 
ability to analyze conditions, there 
should be a spirit of persistence with 
a dash of venture in it. Many severe 


conditions have well-defined factors 
and the cures are well known, but 
the cost of prevention is greater than 
the cost of the evil itself. In such 
cases, it requires persistence and a 
certain amount of gambling with ex- 
pense to try out cheaper methods and 
to determine their economic value. 
At other times one has a problem in 
which the severe agents are not so 
clearly defined and a certain amount 
of courage and persistence must be 
used in a “cut and try” program. 

One of the most interesting stories 
along this line concerns the experi- 
ence of an engineer who, entering an 
industry new to him, found that in 
one process thousands of plates were 
galvanized to prevent corrosion. 
Every three or four years a sum of 
$45,000 was spent.in regalvanizing 
these plates because of peeling. He 
believed that money could be saved 
by making the plates of a different 
metal or plating them with a coating 
that would have a chemical bond 
with less tendency to peel. It was 
impossible to determine the specific 
acid that caused the corrosion and the 
problem had to be attacked as a 
general one. Hard copper sheets, as 
well as copper with zinc and copper 
with tin, discolored the product. 
Stainless steel plates were successful 
in resisting corrosion but the price 
was prohibitive. Then one method 
of electroplating showed up very 
well in a test piece but was disap- 
pointing when tried in quantity. 

By this time $7,000 had been spent 
without promising results and the 
management made remarks to the 
effect that they wished they had that 
money to spend in other directions. 
The engineer was unhappy but not 
discouraged. A metallurgist in the 
electro-plating industry suggested a 
coating of cadmium and when tried 
it was found to resist the corrosion 
but it also developed the fact that 
there was an alkaline condition to be 
overcome. The cadmium coat was 
covered with another coat, the exact 
nature of which the metallurgist 
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would not divulge, although he said 
that it was similar to nickel. This 
double coating is now being tried out 
in quantity and there is every indica- 
tion that it will last several times as 
long as the galvanizing. 

At first thought this method ap- 
pears expensive, but as a matter of 





fact the cost of the two-coat electro- 
plating is only 60 per cent of the cost 
of galvanizing. The $7,000 spent in 
development will be more than offset 
by the $18,000 saved in the first re- 
surfacing of the plates and by the 
additional length of service. This 
engineer had no definite solution of 
the problem in mind when he started, 
but he believed that the expenditure 
of enough money would develop in- 
formation sufficient to indicate it. 
The information developed in this 
instance was justified by the saving 
in maintenance, but to my mind its 
greatest value is the savings that will 
be effected in future installations. 
Persistence and a willingness to ven- 
ture were required but the results 
were the justification. Imagine what 
reception the management would 
have given to any of this engineer’s 
subsequent proposals had he lost 
courage after expending $7,000. 


* * * x 


When the manufacturers of elec- 
tric motors reduced the overload 
capacities they made the motors more 
sensitive to dust and thus caused the 
plant engineer to pay more attention 
to that subject. This movement has 
made more impressive the fact that 
different kinds of dust have different 
effects. There are dry, inert dusts 
of fine grain that pack in the corners ; 
dusts of coarser grain with higher 
heat radiating value but high in car- 
bon content, apt to ignite if the motor 
becomes heated ; and dusts, like those 
of sugar, that become sticky in moist 
air and smear the coils with syrup 
which is no encouragement to the 
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radiation of heat. Many plants are 
trying to “get by” by daily blowing 
off the motors but blowing does not 
give a thorough cleaning. 

Some users are filtering the air 
going through the motors but that 
adds one more nuisance. Manufac- 
turers are selling as “dustproof” 
motors with fans that drive air 
through the motor at high velocity, 
an arrangement that is satisfactory if 
the dust is the right kind and there 
is not too much of it. In most cases 
where dust is troublesome the most 
economical solution is to collect the 
dust at its source or, if that is not 
practicable, to install motors that are 
completely inclosed and do not admit 
any air-carrying dust. 

* * Ok x 


The belt conveyor is one class of 
equipment that meets severe service 
and that provides an_ interesting 
study. In visiting various plants it 
is surprising how little attention is 
paid to details that increase the 
length of life from 25 to 50 per cent 
and even more. Most frequently 
deterioration is due to abrasion 
caused in delivering the material to 
the belt; carrying hot materials in a 
mound in the center of the belt in- 
stead of spreading it over the width 
so that the heat will radiate more 
rapidly; and running the belt over 
small pulleys and idlers. 

There are certain services where 
the rubber-covered belt is superior to 





all others but it is not superior under 
all conditions. In handling dry, 
granular materials I have found a 
woven belt very satisfactory. With 
hot materials of this nature, the 
dressing, usually of some asphaltum 
compound, protects the material of 
the belt and enables it to withstand 
more heat than rubber. The dressing 


must be applied occasionally and, if 
there is dust in the material con- 
veyed, the need of dressing will be 






. 
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indicated when the dust tracks back 
and accumulates on the floor. 


hu 


* * * xX 


’ It is not at all inopportune that 
this issue devoted to severe service 
should make its appearance just at 
the time when the year’s production 
of college graduates is entering a 
sphere of severe service. Behind 
them are literally thousands of 
people, both in and out of college, 
who have frequently informed the 
students that after graduation they 
will have as much usefulness as a 
common laborer, and in front of 
them are more thousands who will 
feel it their duty to inform the recent 
graduates that they do not know 
more than Dr. Franklin. 

Any young engineer who can go 
through such a bombardment and 
still be conceited should be rewarded 
for his strength of character. The 
older men can criticize the younger 
ones, who find it poor policy to tell 
the boss of mistakes that originate 
in the .office; consequently much is 
heard of the shortcomings of the 
younger men while the older ones 
silently get away with murder. Hav- 
ing sat on both sides of the fence, 
it is my opinion that there is a 
greater percentage of exaggerated 
ego among the bosses than among the 
cadets. 

It is not a question of the boss 
being a graduate of a technical 
college or the “school of hard 
knocks”; it is a question of person- 
ality. I have suffered under both 
and have found in each class some 
filled with what Jack Morely used to 
call “plain superciliassity.” 

It matters not whether these boys 
are coming from a night school of 
practical arts, correspondence school, 
or a technical college, they have 
demonstrated their determination and 
willingness to work and are filled 
with ambition and high hopes, other- 
wise they would not have finished the 
course. Any executive who cannot 
mold those qualifications into some- 
thing of great productive usefulness 
is guilty of a serious form of indus- 
trial waste and hurts himself, his pro- 
fession and his country. 
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Life of Industrial Equipment 





Normal Service—Severe Service 


ment there frequently arises the question: How 

long a period of service can this equipment be 
expected to give before extensive repairs or replace- 
ment will be necessary? To that question it is 
admittedly very difficult to give a definite answer ; 
many variable factors have to be taken into considera- 
tion and each evaluated in the light of previous 
experience. 


|: the mind of every purchaser of industrial equip- 


If, for example, similar equipment of the same make 
has been in use for some time, under substantially 
the same conditions, it is usually possible for an ex- 
perienced plant engineer to give a fairly close estimate 
as to the probable length of life of the new device. 
He can base his estimate on the previous performance 
of the other equipment. Again, if the conditions under 
which the new equipment is to operate are not reason- 
ably close to those under which the companion ma- 
chines are working, experience may enable him to 
make certain allowances for good or bad conditions, 
as the case may be, that will result in increasing or 
shortening the estimate of life. It may not, therefore, 
be difficult for one to answer the question to his own 
satisfaction, and let Time show whether his guess is 
right or wrong. 


In any event, two other intriguing and still more 
puzzling questions frequently come up: How does 
the length of service we are obtaining from our equip- 
ment compare with that obtained by other users? and, 
How does this period of service compare with what 
the equipment should be capable of rendering, from 
the standpoint of the designing skill and experience, 
materials, and workmanship that have been built into it? 


Neglecting to realize the importance of these ques- 
tions, or to make a sincere effort to find the correct 
answers to them, may be costly in that failure to 
secure the full measure of service from equipment is 
likely to mean an unnecessarily high capital invest- 
ment in machines, and is certain to be accompanied 
by high maintenance charges and costly production 
delays. 


PT HERE are many reasons why equipment may not 

render the service that it is capable of giving. It 
is safe to say that in practically all cases these reasons 
may be expressed in a few words: The equipment has 
been required to handle loads or in other ways operate 
under conditions for which it was not designed. In 
other words, it has been overloaded or abused in 
some way. 


Specifically, it may have been subjected to unduly 
severe shocks or overloads. Overloading, in particu- 
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lar, is a frequent cause of early failure. Sometimes, 
through error or ignorance, a device of too-low rating 
is installed. Most items of industrial equipment have 
a certain overload capacity built into them, but if the 
demands are much in excess of this capacity early 
failure through rapid wear or breakage is likely to 
be the result. 


Again, overloading may unwittingly be brought 
about through changes in production processes involv- 
ing the use of higher speeds, heavier cuts, fabrication 
of different materials, and so on. Increasing produc- 
tion by the use of higher speeds and heavier cuts 
probably causes more belt trouble, for example, than 
any other one condition. Cycles of operation that in- 
volve frequent starting or stopping or rapid reversal 
are likewise the cause of increased wear and tear, 
and consequent shorter life. 


Other operating conditions that lead to short life are 
operation of ordinary equipment in the presence of 
large amounts of abrasive dust, corrosive fumes, steam 
or water, and so forth. These elements are likely to 
play havoc with equipment that is not adequately pro- 
tected or designed to withstand them. 


The final important factor in determining the life 
of industrial equipment is the amount of attention it 
receives. Failure to lubricate equipment properly, to 
see that it is properly adjusted and that all weak spots 
and signs of distress are promptly recognized and the 
necessary measures applied, inevitably leads to trouble 
and eventual failure, even though the service require- 
ments and operating conditions may not be at all 
severe. 


[X view of all these conditions and possibilities, how 

long do some of the important items of service-to- 
production equipment last, on the average? The ac- 
companying chart is presented in an effort to answer 
that interesting and important question. The data 
presented therein represent the combined experience 
of leading manufacturers and users of such equip- 
ment. The chart is intended to serve these purposes: 


1. To give users of industrial equipment a yard- 
stick, so to speak, by which they can fairly compare 
the service they are obtaining from their equipment 
with that obtained in a large number of other plants. 


2.. It follows that such a comparison will enable 
users to check up, at least in a rough way, the effec- 
tiveness of their maintenance practices, and the sever- 
ity of their operating conditions. It is not unusual to 
find that the severity of operating conditions in a plant 
is hardly recognized. Frequent failures and replace- 
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| Bearings—ball 
| Bearings—babbitt 
| Bearings—bronze 
| Bearings—roller 
| Belts, power transmission............... 


| Chains, power transmission—roller 
| Chains, power transmission—silent 
| Clutches, power transmission—mechanical 
| Commutators 
_ Controls—automatic compensators 


| Floors 


| Paints, oil-base—interior 





EQUIPMENT 


Average Life of Industrial Equipment 






































Gears—impregnated fiber 





Gears—steel, heat treated 





Motor and generator windings 





Paints, oil-base—exterior 








Paints, pyroxylin-base—exterior 





Paints, pyroxylin-base—interir ee cececsecseeeee 





Sliprings 








Speed reducers—herringbone 


Speed reducers—spur gear 








Speed reducers—worm gear 





Storage batteries—lead plate 








TMT rr... 





Trucks and tractors—storage battery. 


LIFE IN YEARS 




















AV’GE CENTERS 
RANGE AV’GE 


CONDITIONS 
NORMAL SEVERE 
RANGE AV’GE RANGE AV’GE 
9-14 12 2-5 3 
5-15 10 2-5 4y, 
5-15 10% 2-6 4y, 
8-14 12yY 2-5 3% 
See special section below 
5-9 7, 1-3 2 
5-9 7 1-3 2 
_ 10-17 15 1-11 8 
10-25 17 5-9 7, 
5-10 7, 2-5 3% 
See special section below 
4-8 6 1-3 2 
5-10 6% 2-5 3% 
8-20 14 5-10 7 
2-6 5 1-3 2 
3-5 4 1-3 ’ a 
2-5 3 1-2 ly 
5-7 5Y4 1-2 ly 
7-15 12 4-9 6 
5-10 8 2-5 4 
2-10 6 1-2Y% 2 
214-10 7 1-24 2 
2-6 3Y% 
15-25 20 
8-15 12 1-5 4y, 
OPEN DRIVE SHORT CENTER 


WITH IDLER 
RANGE AV’GE 























| Belts, power transmission— CONDITIONS 
Oak tanned, waterproof... . Excess moisture 
Combination tanned Excess moisture 
Oak tanned Excess moisture 
Oak tanned, waterproof Excess. min. oil 
Oak tanned Excess. min. oil 
Combmation tanned Excess. min. oil 
Oak tanned Dry, no oil 
Oak tanned, waterproof Dry, no oil 
Coe CO. Dry, no oil 
Rubber, friction Normal 
Rubber, friction Severe 
Stitched cotton duck Normal 
Stitched cotton duck Severe 





Floors—concrete, untreated 








Floors—birch plank 
Floors—maple plank 





Floors—wood block 





Few hours Few hours 
2-8 4, 114-4 2y 
2-12 6 1-6 4 
1-3 2 4-1 1 
1-6 3 14-254 ly 
1-12 5 114-8 4 
3-12 7 1-4 3 
3-12 9 1-5Y% 3 
4-16 9 2-8 6 
4-6 5 
2-5 3 
3-5 4 
1-1Y% 1% 
CONDITIONS 
NORMAL SEVERE 
15 5 
7 3 
10 5 
10 5 


















June, 1929—Industrial Engineering 














ments of whole units or component parts are accepted 
without much question as the normal state of affairs. 
Consequently, no attempt is made to improve operat- 
ing conditions for the purpose of securing better and 
longer service from the equipment, although this pro- 
cedure will often pay big returns on the time and 
money spent in such efforts. 


3. The chart will afford a possible means of detect- 
ing misapplications of equipment. Regardless of how 
carefully a device has been designed and built, it is 
likely to cause trouble and be short-lived if it is not 
suited to the conditions under which it must operate. 
Many applications require special equipment in order 
to insure reliable, trouble-free service. In such cases 
the installation of ordinary, standard designs may 
simply be inviting trouble. 


4. A reasonably accurate measure of the probable 
length of life of various items of equipment will make 
the calculation of allowances for depreciation less a 
matter of guesswork, particularly in plants that have 
recently adopted the use of new types of equipment, 
or that have not been in operation long enough to learn 
by experience the length of service that ordinarily 
may be expected. 


[N view of the wide variety of operating conditions 

found in plants in different industries, or even be- 
tween those in the same industry, and the material 
differences in quality and characteristics between the 
products of different manufacturers, it is to be ex- 
pected that there should be a rather wide variation 
between the minimum and maximum figures given in 
the chart under the heading “Range.” What may be 
considered severe conditions in one plant may be prac- 
tically normal conditions in another. Furthermore, the 
term severe may refer to corrosive alkaline or acid 
fumes in one plant, abrasive dust suspended in the 
air in another, heat, heavy overloads, or shock loads 
in a third, and so on. 


It should be realized, however, that these figures do 
not represent either the longest or shortest periods of 
service obtainable with any given piece of industrial 
equipment. 


In drawing up the chart extreme minimum and max- 
imum figures reported were omitted in several 
instances, as it was felt that they did not truly repre- 
sent the results that would be obtained on the average 
under the conditions outlined. Likewise, in the case 
of a few items it was felt that more data were needed 
before estimates of any value could be given; hence 
they were omitted. 


For example, if almost any piece of equipment is 
forced to operate under destructively severe condi- 
tions its useful life may be measured in days or weeks 
—possibly hours. On the other hand, conservatively 
loaded equipment operating under more or less ideal 
conditions, with careful attention to lubrication and 
whatever other factors may affect its life may, and 
probably will, last almost indefinitely—certainly for 
many years. Obviously, neither case represents 
average conditions as they are found in present-day 
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industrial plants. It is likewise questionable whether 
in either of these extreme cases the interests of true 
economy and efficiency are really being served. 


In the one case, the annual costs of new complete 
units or renewal parts, with installation and repair 
costs, will be excessive, although in some instances 
these may be justified by the necessity of obtaining a 
high rate of production under extremely severe, but 
practically unavoidable conditions. 


IX the other instance, particularly if the equipment 
is only lightly loaded, there is failure to obtain the 
full return on the investment which the equipment 
represents, with the incidental result that the device 
may be kept in service long after it should have been 
replaced by a later and more efficient design. 


For present purposes it has seemed most convenient 
to express the life of the items of equipment listed in 
terms of years or fractions thereof. However, in some 
plants the equipment operates 24 hours a day, whereas 
in others an eight-hour day is observed. Naturally 
the life of equipment in plants of the former class will 
be shorter in years than in the case of the other plants, 
even though the actual hours of service may be just 
as great in one as in the other. Hence, the data given 
in the chart are all based on operation for eight hours 
a day, 300 days a year. 


Normal conditions are taken to mean operation at 
or close to rated load, with atmospheric conditions 
such as are ordinarily found in industrial plants, and 
the equipment is presumed to receive a reasonable 
amount of the proper care and attention. 


It is much more difficult to define and measure 
severe service conditions, but it was considered advis- 
able to collect and include under this heading data that 
would show clearly how abuse of various kinds 
shortens the life of every kind of equipment. These 
data will at least make it easier for the user to deter- 
mine whether or not his equipment is being abused. 
As before, operation for eight hours a day, 300 days 
a year, has been taken as the standard in computing 
the length of service. Severe conditions have been 
regarded as meaning operation under one or more of 
the following conditions: Overloads up to 150 per 
cent of rating, shock loads, presence of excessive 
amounts of oil, moisture or steam, corrosive fumes or 
abrasive dust, lack of maintenance attention, and so on. 


It will be noted that in many instances the figures 
given under the heading “Average” are not the mean 
between the figures given under “Range.” This is, of 
course, due to the fact that the averages are based on 
a number of estimates, whereas the figures given under 
“Range” are in the nature of maximum and minimum 
estimates. 


EADERS are invited to send in their comments on 

this chart and to submit any data that they have 
collected regarding the normal length of life of the 
equipment under their charge. 


Industrial Engineering—V ol.87, No. 6 





















A CHINAWARE FACTORY 


Furnishes Examples of the Ceramic Industry's 


Severe Service Problems 





Glaze mill equipment showing gear-reduction drive on pebble mills. 


OST of the equipment 
M troubles experienced by the 

maintenance departments in 
the ceramic plants are usually traced 
to two causes: namely, abrasive dusts 
and excessive heat. This is so be- 
cause of the nature of the raw mate- 
rial and the treatment it receives on 
the way to becoming finished prod- 
uct such as chinaware. 

At the plants of the Homer Laugh- 
lin China: Company, Newell, W. Va., 
a mixture consisting of china clay 
and other kinds of clay is used as 
raw material to which are added in 
the course of treatment certain pul- 
verized sands of a flinty nature as 
well as other abrasive ingredients, 
such as feldspar, all of which is sub- 
jected to heat-treatment in kilns un- 
der high temperatures for calcination 
and surface fusing or glazing opera- 
tions. Consequently service-to-pro- 
duction equipment supporting the 
usual functions common to the cera- 
mic industry come in for their share 
of severe service. 

On the whole, however, the equip- 
ment used in the ceramic industry is 
not bulky, neither does it run to large 
capacity, but as in any other indus- 
try, it must operate as faultlessly 
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By A. A. WELLS 


Homer Laughlin China Company ; 
Newell, W. Va. 


and as efficiently as possible even 
though the conditions under which it 
operates present obstacles that can- 
not be removed. To show how this 
equipment is operated and what pro- 
tective measures have been taken to 
keep the equipment in operation is, 
therefore, the purpose of this article. 

The raw material, or body, as well 
as the glazing and casting mixtures, 
are processed wet, that is, they are 
first carried in suspension in water, 
and to the uninitiated it is difficult 
to believe that troubles could or 
would arise from abrasive dusts 
when in this condition, but it is so. 
The trouble caused by excessive heat 
in proximity to the equipment is eas- 
ily understood. 

Starting from the stock bins, a 
definite charge is made up by weight 
for each element of raw material 
which is delivered to a blunger mill 
that is no more than a series of pad- 
dles revolving in a tank. The action 
of constant agitation breaks down 
the lumps to a finely divided state; 





however, foreign substances find 
their way into the mix and pass 
through with the solution when it is 
tapped. These foreign substances 
are removed later. 

Here, as shown in one of the illus- 
trations, seven agitators are group 
driven by a 30-hp., squirrel-cage mo- 
tor by means of a single silent chain 
which connects the motor to the 
overhead lineshaft that is equipped 
with bevel gears and_ individual 
clutches for cutting any agitator in 
or out of service. The bevel gear on 
the vertical blunger shaft is sus- 
pended over the tank by a bearing 
bracket and a loose, hardened-steel 
collar to take the wear, thereby pre- 
serving tooth to tooth contact. 

All bearings are babbitted with the 
exception of those in the motor, 
which are ball bearings. A portion 
of this drive subjected to hard serv- 
ice is the chain, but despite the abra- 
sive dust no trouble has been experi- 
enced in a period of six years; 
however, precautions have been taken 
to inclose the drive elements, espe- 
cially the motor and the chain. In 
addition, copious lubrication is ap- 
plied to prevent wear as much as 
possible. 
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After a charge has been stirred for 
a certain period of time, part of the 
solution is drained to a sump from 
which it is pumped by belt-driven, 
vertical-plunger pumps to what is 


called the rough agitator tanks. An 
overhead lineshaft, driven by a sep- 
arate motor that drives other tribu- 
tary equipment in this slip house, 
provides the necessary power for the 
pumps. These pumps lift the solu- 
tion about 15 ft. to the rough agita- 
tors, and in handling this grit diffi- 
culties were formerly encountered 
with the pump packing. 

Two months’ service was a maxi- 
mum until a study was made of the 
lubricant used on the plungers. In- 
asmuch as it was impossible to 
change the method of operation, 
means had to be provided to offset 
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the right. 


equipment. 


In the slip house, showing the blunger mill and its drive equipment to 
The blunger pumps are in the center; the filter presses in 
the background. 


Distributing waste heat for drying purposes is the job allotted to this 
A totally-inclosed, ball-bearing motor has been selected for 







this service. 


Pug mill and its drive in the slip house. 


The guards were removed to 


expose the drive. 


the condition to which the plungers 
and packing were subjected. 

Through exhaustive experimental 
work the remedy was found to be 
proper lubrication. Castor oil of a 
certain quality solved this problem. 
The life of the packing has been 
increased by its use to more than 
three years, since it has now been 
in service that long. 

Since these pumps are only in in- 
termittent operation, means have 
been provided to disengage them 
from the lineshaft when their serv- 
ices are not required. 

As the mix flows by gravity from 
the rough agitators, which are oper- 
ated from the overhead lineshaft, it 
passes through a silk lawn revolving 
screen which allows only the fine 
mix to pass through it to the smooth 
agitator. However, before passing 
to the latter, the solution flows over 
a magnetic separator for the removal 
of particles of iron held in suspen- 
sion. The magnet is energized by a 
separate m. g. set and, like the agi- 
tator equipment, it is in continuous 
service. 

From the smooth agitator, 4x12-in. 
plunger pumps, driven from the 
same overhead lineshaft, deliver the 
solution under 120- to 140-lb. per 


sq.in. pressure to filter presses simi- 
lar to those used in transformer oil 
drying operations. The water is re- 
moved here, allowing the smooth clay 
to be extracted from the press in the 
form of sheets, which are then con- 
veyed to a pug mill. These pumps 
are also under intermittent service; 
however, they are built to withstand 
the pressures developed. 


An accompanying illustration 
shows the pug mill and its drive 
equipment, including its control, 


which is an ordinary compensator. 
Pugging the clay removes what air 
might be trapped in it after coming 
from the filter presses. The squir- 
rel-cage motor drives this mill 
through a silent chain in the first 
reduction, a floating gear in the sec- 
ond reduction, and a straight reduc- 
tion gear to the mill which runs at 
9 r.p.m. The silent chain which is 
now in use has been in service but 
one year, as it was necessary to re- 
move the original chain for repin- 
ning after five years’ service. 

It is easily seen how the equipment 
can be affected by the clay, as it is 
necessary to transfer the sheets of 
clay by hand to the pug mill hopper 
as they come out of the presses. 
The center of the sheets is quite 
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soft, and in depositing them in the 
hopper some of the very wet clay is 
spattered over the drive equipment. 
Despite that, however, very little 
trouble has been experienced, but 
gear tooth wear is becoming notice- 
able after six years of service. The 
daily period of operation averages 
five hours. The remedy in this case 
is proper protection. To obtain pro- 
longed service from the gears and 
pinions showing excessive tooth 
wear it is planned to reverse them 
on their shafts in order to bring new 
tooth surfaces in contact with each 
other. The one side of the teeth 
shows only a slight amount of wear. 
Little or no trouble is experienced 
from the abrasive action of the dust 
in the bearings. Keep in mind that 
the clay is moist when placed in the 
hopper, but the clay that is spattered 
over the drive*soon dries from the 
air set in motion by the motor. In 
this condition it, becomes trouble- 
some. Ojil-lubricated ball bearings 
are used in the motor and they are 
rounding out their fifth year of serv- 
ice. Anti-friction bearings were re- 
sorted to because of the trouble ex- 
perienced with the oil rings. Dust 
worked its way into the bearings, 
causing the oil rings to stick. 





Power is purchased at this plant. 
To avoid a high demand charge and 
to obtain the benefit of off-peak 
power rates, the glaze mill is operated 
during the off-peak power period. 
This mill also handles the raw mate- 
rial wet but by a method somewhat 
different from that used in the slip 
house. Pebble mills, as shown, re- 
duce the flinty material to a finely 
divided state, each mill holding a 
specific charge. Two types of drive 
are employed here: silent chain, and 
inclosed reduction gears. 
trouble was experienced because the 
chains used were too small; neverthe- 
less, one chain lasted to be repinned 
five times in five years. Both types 
of drive are shown in accompanying 
illustrations. The one view shows 
the chain flapping under high speed. 
The safety guard shown above it was 
installed in case of rupture. 

Other than chain trouble, this 
equipment has given exceptionally 
good service although there is suf- 
ficient abrasive dust about to give 
trouble; obviously the chain trouble 
can be eliminated if a larger chain 
is used. 

Open-type, 1,200-r.pm., 714-hp. 
motors are used as separate drives 
for the mills, and each motor is ball- 


Sulphurous products of combustion deposited on the outside of the steel 


flue. 


Two weeks before this view was taken this equipment had been 


thoroughly cleaned and painted. 


Lineshaft drive installation for the agitators, pumps and revolving screen 


in the glaze mill. 


The opposite side of the slip house showing a portion of the rough 


agitator and the silk lawn screen at the left with the overhead lineshaft 
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drive. 


Chain , 


bearing equipped in dust-tight hous- 
ings. A close-up of one of these 
motors is shown to point out that 
dust is present even though the 
process is wet. 

After the material is ground it is 
treated in agitators run through silk 
lawn, and then over a magnetic sepa- 
rator before it is distributed for use. 
The material from the slip house is 
turned into shape by the jigger-men 
who operate the pull-downs which 
have a special bearing that must 
stand hard service and yet retain its 
accuracy of alignment, else the in- 
equality of the clay on one side of 
the china ware will cause it to be 
warped in drying. 

From the jiggers and casting 


benches the ware is dried and finally 
given the glazing finish in gas-fired, 



























continuous-teed ovens. ‘lhe ware is 
loaded in containers and placed on 
cars which are pushed through the 
ovens by electrically-driven pushers: 
A small motor drives a geared oil 
pump which builds up pressure be- 
hind the ram at a certain rate so that 
the travel through the oven is in ac- 
cordance with the prescribed heating 
cycle. 

Here considerable difficulty was 
experienced from lubrication. The 
terrific heat in the ovens burned the 
oil in the bearings of the cars and 
one can easily see how it would affect 
operations. The cars would be dif- 
ficult to move; the plunger equip- 
ment would be overloaded; and the 
schedule would be retarded. The 
trouble was finally overcome by the 
use of a suitable lubricant. 

This plunger equipment is in con- 
tinuous service and has been since 
the kiln was placed in operation. 
Fiber gears were used in the oil 
pump, which is driven by a %-hp. 
motor, but since they gave on an 
average of 1 year of service they 
were replaced by steel cut gears. 


Close-up of a motor driving a pebble 
mill in the glaze room. Note how the 
clay dust adheres to the frame and 
the winding. 


Chain-driven pebble mill in operation. 
The blur on the photograph was 
caused by the whipping of the chain. 


Exhaust fans carry off the prod- 
ucts of combustion from the kilns 
and they are in continuous service 
under conditions of excessive heat. 
Totally-inclosed, 10-hp. motors are 
used and at present controlled by 
ordinary compensators but, due to 
continual trouble, “cross-the-line” 
starters with thermal overload ele- 
ments will soon replace them. Con- 
siderable trouble was experienced 
with the inner bearing but it was 
overcome by the application of a 
water-cooled bearing. The motors 
are also ball-bearing equipped. 

For certain drying operations 
waste heat is employed and to get it 
where it is wanted a fan is used as 
shown in an accompanying illustra- 
tion. The drive medium between the 
fan and the motor consists of a five- 
strand rope unit but it is considered 
rather unsuited to the drive because 
of the conditions. 

In all other applications leather 
belts are used exclusively and, where 
there is a possibility of machine re- 
location, split wooden pulleys are 
used to facilitate the transfer. 
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Safety Code for Mechani- 
cal Power Transmission 


IN accordance with action taken by 

the Safety Code Correlating Com- 
mittee of the American Standards 
Association a proposed safety code 
for mechanical power control, to be 
known as B-23, will be formulated as 
an additional section of the safety 
code for mechanical power transmis- 
sion, known as B 15-1927. 

The work will be done by a special 
sub-committee and has already been 
started under the temporary chair- 
manship of C. B. Auel. 


Life of Hand Lift Trucks 


MANUFACTURER of lift 

trucks, in reply to the question- 
naire from which the table on the 
life of equipment, page 309, was 
made, has sent the following in- 
formation which emphasizes the 
range between normal and abnormal 
conditions: 

Under normal conditions the life 
of lift-trucks should vary from 10 
to 30 years. Under abnormal condi- 
tions, such as found in tanneries, 
dairies, foundries, and so on, their 
life should vary from 2 to 8 years. 

In cases where they have lasted 
two years it has been found that no 
metal equipment in the plant would 
remain in operation without radical 
repairs for more than one year. The 
corrosive action was tremendous and 
the equipment was used 24 hours per 
day, 7 days per week. With im- 
proved designs and the use of special 
non-corrosive metals we expect to 
increase the life of these trucks by 
from 50 to 100 per cent. 
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These motors are located 
on the third floor of the 
nitrating house and are 
constantly exposed to acid 
fumes. The small, squirrel- 
cage motors mounted on the 
floor are of 2-hp. rating 
and drive the agitators in 
the dipping pots. 


Combating Corrosion in a 


CHEMICAL PLANT 


ANUFACTURE of. nitro- 
cellulose, one of the princi- 
pal products of our Parlin, 

New Jersey, plant, involves treat- 
ment of cotton with a mixture of 
strong nitric and sulphuric acids un- 
der closely-controlled conditions. The 
chemical action that takes place re- 
sults in the formation of considerable 
amounts of yellowish-brown nitric 
acid fumes, or oxides of nitrogen. 
As might be expected, these fumes 
are highly corrosive, attacking iron, 
copper and most of the ordinary ma- 
terials, including wood. The un- 
avoidable presence of these fumes in 
the air, therefore, presents a real 
problem in effectively protecting 
plant equipment and_ buildings 
against their corrosive influence. 
Obviously, one of the first steps 
in attacking the problem is to present 
in so far as possible the escape of 


By ERIC JENSEN 


Chief Electrician 
Hercules Powder Company 
Parlin, N. J. 


these fumes into the air of the build- 
ings. We accomplish this by means 
of an extensive exhaust system that 
draws the fumes from the dipping 
pots or vats in which the cotton is 
treated with acid, and the wringers 
in which the excess acid is removed, 
and discharges them into the open 
air several hundred feet from the 
plant buildings, through an under- 
ground duct. Two exhaust fans, 
each driven by a 15-hp. squirrel-cage 
motor, are employed. The fan blades, 
housings, and connecting ducts are 
made of a so-called chromium iron 
containing from 14 to 18 per cent 
chromium. We use this material in 
a large number of places and find 
that it resists the corrosive effect of 





the fumes very satisfactorily. The 
major portion of the fume duct is 
terra cotta tile, on which the acid 
fumes likewise have little effect. 
Despite all the precautions we can 
take, a certain amount of fumes es- 
capes into the air in some of our 
buildings and, although the amount is 
so small that ordinarily it can hardly 
be detected by the sense of smell, 
enough is present to cause active cor- 
rosion of practically all ordinary 
metals unless these are properly pro- 
tected. How this is done will be told 
in the following paragraphs. 
Electrical Equipment.—In view of 
the readiness with which copper cor- 
rodes, it can be realized that our 
electrical equipment would give us a 
great deal of trouble if it were not 
carefully protected and watched. We 
have installed a total of 120 440-volt, 
three-phase, 60-cycle motors ranging 


ACID FUMES—DILUTE ACID—WATER—STEAM AND MOISTURE 


June, 1929—Industrial Engineering 





315 








A corner in the basement of the nitrating house. 
ing columns and tile ducts leading from the wringers show the effect of acid fumes and 





The concrete bases supporting the build- 





dilute acid. Here the floor is of brick laid in, and covered with, an asphaltic compound. 


from 2- to 150-hp. rating, with an 
aggregate rating of 2,375 hp. Most 
of these motors are of the squirrel- 
cage type. 

We operate 24 hours a day, and 
inasmuch as failure of power is a 
serious matter practically all of our 
motors and control equipment is in- 
spected daily and any necessary work 
done at once. Three men with a 
foreman spend practically all of their 
time on this work. In addition, each 
motor is torn down once a year, thor- 
oughly cleaned and the windings 
sprayed with an acidproof, air-drying 
varnish, With this procedure we do 
not have much trouble from corro- 
sion of the windings or from short 
circuits in them. 

The bulk of our trouble with mo- 
tors and other equipment shows up 
as grounds, which are oftentimes 
very difficult to locate. Grounds are 
particularly troublesome in damp 
weather. This is probably due to the 
fact that the acid fumes in the air 
form a thin film on the windings and 
when much moisture is present in the 
air the film appears to be a fairly 
good conductor. When the weather 
clears up most of the grounds disap- 
pear. Oftentimes grounds will dis- 
appear while we are trying to locate 
them. 

Motor frames are, of course, kept 
well painted with an acidproof paint. 

Rapid corrosion of switch blades, 
busbars and all exposed current-car- 
rying parts causes us considerable 
extra work, although not much real 
trouble. All switches are, of course, 
enclosed, but it is not feasible to 
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make the enclosures air tight ; so acid 
fumes cannot be kept from contact 
with these parts. Accordingly switch 
blades and all such parts are cleaned 
frequently with abrasive cloth, and 
in locations where it is not objec- 
tionable the clean metal is given a 
thin coating of vaseline. 

In the nitrating house a consider- 
able amount of fine cotton fibre is 
always present in the air. This will 
adhere to a greasy or wet surface; 
hence, an objectionable accumulation 
will soon take place on switches that 
are greased with vaseline and thus 
constitute a possible fire hazard, as 
the flash incident to opening a switch 
might ignite the fine cotton. There- 
fore, we do not use vaseline in 
switches in that department, but 
clean them as often as necessary to 
maintain good contacts and a respect- 
able appearance. 

It is also necessary to clean fuse 
ferrules and clips frequently to avoid 
corrosion and consequent heating 
from the resulting high resistance. 
Lugs and terminals must likewise be 
watched and well cleaned whenever 
the metal becomes corroded to any 
extent. 

A small amount of direct current 
is generated in the power house for 
charging the batteries of our three 
yard locomotives. Although we are 
not sure of the reason for it, we find 
that direct-current busbars and 
equipment corrode considerably 
faster than busbars and other parts 
carrying alternating current. In par- 
ticular, we have a great deal of 
trouble with the brush springs on the 


direct-current end of our motor-gen- 
erator set. These springs, which are 
made of bronze or a similar alloy, 
sometimes last only six months or 
less. This is also true of the brush 
springs on the exciters for the turbo- 
alternators and on the direct-current 
rings of the alternators. So far we 
have found no way of protecting 
these springs. We simply replace 
them when they break. 

When the plant was originally 
built, black-enameled iron conduit 
was used throughout. However, it 
has caused us considerable trouble, 
as it requires frequent painting to 
protect it from rapid corrosion. On 
the other hand, aluminum conduit is 
only very slightly affected by the acid 
fumes present in our plant. Hence, 
nothing but aluminum conduit has 
been installed for some time; we are 
using it for all new work as well as 
replacements. At the present time 
about half of our conduit is alumi- 
num. 

Ordinary standard, rubber-covered 
wire stands up satisfactorily and we 
use it in all of our conduit lines. 
However, we take the precaution of 
painting all threaded joints with an 
acidproof paint and use cork gaskets 
under the condulets. Although it 
might be thought that painting the 
threads in the conduit would inter- 
fere with grounding, this has not 
proven to be the case and we have 
had no trouble. 

Ground connections for conduit, 
switch boxes, and so forth are all 
made with aluminum strips, as bet- 
ter contacts can be maintained with 
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this material than with one that cor- 
rodes readily. 

At one time we installed some 
lead:covered cable along the walls of 
one of the buildings, but the lead 
sheathing corroded so badly that it 
went to pieces in about eight months. 
Now we use lead-covered cable only 
for underground work. 

Some slow-burning wire which we 
once installed met the same fate, al- 
though more slowly. In five or six 
years the fumes had practically de- 
stroyed the insulation, leaving the 
wire bare for the most part. 

Another handicap is that all sol- 
dered joints must be carefully cov- 
ered and protected from the fumes. 
Orherwise, the solder will crumble 
and go to pieces in a comparatively 
few months. 

Belts—Acid fumes and the steam 
or moisture found in some of our 
departments are very hard on belts. 
For this reason we use direct drive 
whenever possible. Aside from the 
deteriorating effect of the fumes and 
the moisture on the belt, the pulleys 
are oftentimes covered with a film of 
moisture sufficient to cause the belt 
to slip and burn or run off when 
starting or running under a heavy 
load. 

In our experience rubber belting 
has not worked out very satisfac- 
torily. One make of special tannage 
leather belts stands up fairly well in 
locations where the acid fumes are 
not strong and we found that it will 
give about two years’ service. We 
are now using an impregnated 
stitched cotton duck belt on most 


applications and obtain from six to 
eight months’ service. As mentioned 
above, this short belt life is probably 
due to burning and wear caused by 
slippage as much as to the rotting or 
weakening from acid fumes. 

Iron Work—The ease with which 
iron rusts or corrodes even under 
ordinary conditions is too well known 
to need discussion. In the presence 
of acid fumes corrosion is, of course, 
much more severe. Our buildings 
are of modern brick and steel con- 
struction and the problem of properly 
protecting the latter is an important 
one. In the departments where acid 
fumes are strongest we scrape all 
ironwork and apply an acidproof 
paint by spraying once a year. 

Cleaning the ironwork before 
spraying is the most important part 
of the process. Blisters form on the 
surface under the old paint coating 
and these must be scraped off and the 
iron columns, trusses, etc., thor- 
oughly cleaned by scraping and rub- 
bing with a wire brush. It is essen- 
tial that all rust and loose material 
be removed before the new paint is 
applied; otherwise severe corrosion 
is certain to take place. 

The paint is then applied immedi- 
ately by spraying, which enables us 
tc reach out-of-the-way places and 
do a better job more quickly than 
would be possible with the brush. 

Heretofore it has been our prac- 
tice to use a black, acidproof, 
asphaltum-base paint on ironwork. 
We have recently adopted the use of 
a red fume-proof paint which we be- 
lieve will give even better service. 


It has the further advantage that the 
red color tends to make the interior 
of the buildings lighter than when a 
black paint is used, and we feel that 
it will be better for all-around work. 

The action of the acid fumes on 
the mortar and brickwork of our 
buildings seems to be slow and until 
recently little attention was paid to it. 
However, there is some action and 
we are testing an acidproof paint on 
the interior of the walls of some of 
our departments, with the thought 
of protecting them from further 
action. This material has been on 
for about six months and appears to 
be standing up well, even though the 
manufacturer was not willing to 
guarantee satisfactory performance. 

Floors—Tongue-and-groove, short 
leaf, yellow pine flooring has been 
used in our buildings since they were 
erected, but despite the fact that they 
are protected by lead plates around 
the dipping pots, to avoid getting 
strong acid on the boards, this type 
of flooring has not been very satis- 
factory. As a further protective 
measure the boards are painted with 
creosote. Nevertheless, the moisture 
and acid, either in the form of fumes 
or a very weak solution in water, 
rots the wood so rapidly that a floor 
is good for only about three years’ 
service on the average. Of course 
replacing defective boards with new 
ones is a continual process—and a 
rather expensive one. 

We have now decided to use con- 
crete floors in place of wood and this 
replacement is being made as rapidly 
as conditions will. permit. The sur- 





One of the blending tubs in which the nitrated cotton is thoroughly washed to remove all 
acid. They are driven by 30-hp. motors through impregnated stitched cotton duck belts. 
A speed reducer is direct-connected to the motor to give the desired shaft speed. 
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These fans draw the strong acid fumes from the dipping pots and 


wringers. 


is very resistant to the corrosive action of the fumes. 


The fan blades and housings are made of chrome iron, which 


Fifteen-horsepower 


motors located in the houses at the right and left drive the fans. 


face of the cement is well troweled 
and then treated with a hardener 
which is applied with a brush. Tests 
that we have made seem to indicate 
that these floors will give much more 
satisfactory service than the wooden 
floors heretofore used. 

The floor in the basement of the 
nitrating house is subjected to very 
severe conditions, inasmuch as water 
containing small amounts of acid is 
always in contact with it. A good 
cement base or foundation is used 
for this floor; on top of it we use 
bricks placed on edge, with the spaces 
between them filled with a molten 
asphaltic compound. This effectively 
keeps water and acid away from the 
cement base. This type of floor gives 
very satisfactory service, lasting on 
the average about ten years before 
replacement or extensive repairs are 
necessary. 

Mention has been made of the fact 
that the acid fumes we have to con- 
tend with attack wood very readily. 
Timber supports and woodwork of 
all kinds, inside and out, deteriorates 
so rapidly that the life on the average 
is from three to five years. In order 
to decrease the action of the fumes 
and prevent ordinary rotting, we 
paint all exposed woodwork with 
creosote, but we have not yet been 
able to preserve the wood perma- 
nently. We keep a close watch on it 
and when it shows signs of failure it 
is replaced. 

We use wooden window sash and 
trim, but it is believed that steel sash 
would be considerably more durable 
and better than wood inasmuch as 
we can, by the proper attention, pro- 
tect ironwork from serious corrosion. 
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However, it must be kept well 
painted with a good paint. When it 
becomes necessary to replace wooden 
sash we will probably adopt steel sash 
throughout all of our buildings. 
Roofs—Naturally roofs are con- 
stantly exposed to the deteriorating 
effect of the weather as well as the 
acid fumes in the air, and so must 
receive their share of attention. On 
some of our buildings, for example 
the nitrating house, we have used 
painted, galvanized corrugated iron 


with fairly good success. If painted 
once a year we found the life to be 
from 5 to 7 years. However, a cor- 
rugated iron roof is not particularly 
pleasing in appearance and we have 
abandoned its use for roofs. It has 
been found that a shiplap roof 
covered with several layers of tar 
red paper and given a coat of asphalt 
paint once a year will give good serv- 
ice for six to eight years. We are 
now using this type of roof on some 
of our buildings. , 

Various types of roofing materials 
have been tested out atid we found 
among other things, that a corrugated 
asbestos roof showed some points of 
superiority over a tar red paper roof 
in places where the acid fumes are 
very strong. 

It will be apparent from the fore- 
going that we cannot either entirely 
eliminate acid fumes from the air 
nor prevent them from attacking 
practically every kind of material 
around the plant. Nevertheless, we 
do the best we can in the way of 
providing for careful inspection of 
all equipment, buildings and struc- 
tures, frequent repainting as long as 
the application of paint will be effec- 
tive, and prompt replacement when 
materials or parts have outlived their 
usefulness. We believe that our 
repair and replacement costs are 
about as low as can reasonably be 
expected. 





Why It Is Advisable to 
Check Up on Motor Loads 


By C. W. 


DRAKE 


General Engineer 
Westinghouse Electric & Manufacturing 
Company 
East Pittsburgh, Pa. 


checking motor loads is an al- 

most indispensable factor in 
securing efficient and trouble-free op- 
eration. This point is not always 
appreciated, and although a simple 
case may involve only a few readings 
with an indicating meter, other cases 
may require an elaborate test with 
curve-drawing, recording watt-hour, 
maximum demand, and indicating 
meters, which will take several days 
or weeks to complete. Hence there 
arises the natural question: Why 
make any tests on motors that are 
operating satisfactorily? If they are 


checking mot has shown that 


too hot, do not carry the peak loads, 
or give other indications of distress, 
the reason for a test is clear; but, 
lacking such signals, why bother with 
tests? 

These questions may still express 
the views of some operating men, 
but there are many people who are 
interested in test readings, and many 
reasons why they should be made. 
Engineering data of this kind are of 
interest and value to the electrical 
engineer in charge of the plant, to the 
plant production manager, and to the 
higher executives. 

The manufacturer of the machin- 
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ery driven, and the manufacturer of 
the motors, are also greatly inter- 
ested in such tests, and each of the 
parties concerned may have a differ- 
ent reason or point of view in obtain- 
ing or using the data. 

One of the reasons why many 
plant engineers test their motors is 
because in the back of their minds 
is the hope that some day the com- 
pany will expand or remodel its 
plant, and the engineer will be called 
upon to specify the most up-to-date 
and economical drive for each type 
of machine. Not knowing when or 
where this opportunity will come, 
there is the constant urge to keep 
accurate records of conditions right 
up to the minute. 

In such tests, purely electrical 
measurements alone are of little im- 
portance; they must be tied in or 
correlated with a description of the 
driven machine and the nature of the 
work being done. Then, when it is 
desired later on to use these data for 
reference, there will be no question 
about any of the operating condi- 
tions. 

For example, one tabulation of 
horsepower requirements for wood- 
working machinery listed 26x8-in. 
double surfacers, or planers as they 
are often called, as requiring 10 hp. 
in some instances, and up to 40 hp. 
in others. The rate of feed was 
higher in the latter case, but not in 
proportion to the increase in horse- 
power. 

Through the aid of a catalog of 
the two machines, it was quickly seen 
that the machine rated at 10 hp. was 
very lightly built and designed for 
use in a finishing mill where dimen- 
sion stock is used, and only very 
light cuts are taken. The other ma- 
chine of the same dimensions had a 
heavy frame and was evidently de- 
signed for use in a sawmill or factory 
where heavy cuts are common. 

Regardless of whether power is 
purchased or generated, the use of 
alternating current predominates by 
reason of its well-known advantages 
in distribution and transformation, as 
well as the simplicity and reliability 
of the induction motor. Users of al- 
ternating-current equipment, how- 
ever, have one item to consider that 


is entirely absent on direct-current 


systems. This is the power factor. 
There has probably been as much or 
more written on this subject in con- 
nection with industrial plants than 
on any other one phase of plant 
operation. 

The evils of low power factor have 
been stressed so much in the techni- 
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cal publications that some operating 
engineers are almost afraid to talk 
about the subject, whereas, as a mat- 
ter of fact, it may not be causing 
them any serious trouble at all. For 
example, if power is generated in the 
establishment and the generators are 
not overloaded, the only detrimental 
effect of a low power factor is a 
slightly higher loss in the wiring and 
distribution systems in the plant. 
On the other hand, if improving 
the power factor will make it possi- 
ble for the load to be carried on a 
generator which was not previously 
able to handle it, or if it is possible 
to shut down a generator or eliminate 
a bank of transformers, then a real 


ake 


Seth. 
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Power factor and efficiency curves of 
5-hp. and 10-hp. squirrel-cage motors 
under different conditions of load. 
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saving is effected. When power is 
purchased and the rate schedule in- 
cludes a power factor clause, the ef- 
fect of power factor improvement is 
immediately reflected in the monthly 
bills; consequently, this is purely an 
economic consideration. 

The vast majority of induction 
motors in use are of the squirrel- 
cage type, and most of the tests made 
on these are to determine whether 
smaller ones could be installed in 
their places. This is because the 
magnetizing or exciting kilovolt-am- 
peres are approximately constant for 
a given motor, regardless of the load, 
and if the load is light the percentage 
of the magnetizing kilovolt-amperes 
to the load kilowatts becomes very 
high. By using smaller motors the 
magnetizing kilovolt-amperes are re- 
duced and the power factor of the 
system improved. But motors in a 
manufacturing plant are installed to 
produce goods, and the entire cost of 
power is oftentimes only a few per 
cent of the total manufacturing costs. 
The difference between a high and a 
low power factor may affect this 
small power cost by only a few per 
cent. Consequently, in making mo- 


tor tests the following questions 
should be kept in mind: 

1. Is the load now a maximum, or 
may it be much higher with some 
different material, rate of feed, or on 
a cold morning? 

2. Would a smaller motor have 
sufficient starting torque to start the 
load under all conditions, or to carry 
the maximum peaks? 

Some manufacturers acknowledge 
that these maximum conditions may 
occur only a few times a year, but 
an undersized motor might cause a 
loss of production greater than sev- 
eral months’ power bills. If there 
were a great difference in efficiency 
between a large motor operating at 
one-half load and a smaller one car- 
rying the same load, there might be 
more justification for taking chances, 
as then the energy or kilowatt-hour 
consumption would be directly af- 
fected. 

As an example, assume a machine 
having a 10-hp. squirrel-cage motor 
installed, which, according to tests, 
might under ordinary conditions be 
driven by a 5-hp. motor of the same 
speed. In the accompanying curves 
the efficiency and power factor of 
both these motors are shown and it 
will be seen that the efficiency of the 
10-hp. motor at one-half load is 87 
per cent, compared with 85 per cent 
for the 5-hp. motor at full load. The 
power factor of the larger motor at 
one-half load is 81 per cent, com- 
pared with 89 per cent for the 
smaller motor at full load. 

This might be called an extreme 
case in two ways. First, that it is 
not always possible to use motors of 
one-half of the installed capacity 
and, second, that the half-load effi- 
ciency of the larger motor is, in this 
case, proportionately higher than in 
most cases. As a general rule, it 
may be stated that the efficiency of 
one motor at one-half load is approx- 
imately the same as the full-load effi- 
ciency of a motor of one-half the 
capacity. 

The principal disadvantages of 
overmotoring are the lower power 
factor obtained and the added initial 
investment. The increased invest- 
ment may oftentimes be considered 
in fhe nature of insurance against ex- 
treme, abnormal, or unforeseen op- 
erating conditions. On the other 
hand, the power factor, after the 
motors have been properly chosen, 
can be raised to any desired value by 
the use of synchronous motors, syn- 
chronous condensers, or static con- 
densers in various sizes and combina- 
tions. 


319 





the Life of Equipment in] I 





By These Methods 


4 < 


Examples From An Iron Foundry 


IKE all metal working plants, the 
pipe foundry with its comple- 
ment of tributary equipment 


encounters conditions, some directly 
from operations and others indirectly, 


that it is 
correct. 

New processes, no ‘doubt, have in- 
troduced operating conditions of a 
character that tend to reduce the 
number of operations per unit, but 
in these applications the auxiliary 
equipment is expected to assume the 
differential burden. Improved manu- 
facturing methods, however, do not 
change the effects of corrosion of 
the products of combustion, neither 
do they lessen the cutting power of 
sand and iron dust. 

To obtain the maximum of service 
under adverse conditions common to 
this industry, The Warren Foundry 
and Pipe Company, Philipsburg, New 
Jersey, employs corrective measures 
only as they are found necessary. 
The product of this plant is cast-iron 
pipe and accessories. Severe service 
is the prevailing condition through- 
out the plant. 

Before pipes can be cast, iron must 


impossible to entirely 
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be produced, so cupola equipment 
enters the story. In this plant there 
are two positive blowers and three 
fans in use to provide the air neces- 
sary for the reduction of the ore. 
Positive blowers driven by 100-hp. 
d.c. motors are used, the driving 
medium between each blower and its 
motor being a double-ply leather belt. 
These motor-driven equipments are 
in service about five hours per day 
but throughout the entire day they 
are subject to varying temperatures 
since they are located within the 
fifteen feet of the cupola containing 
the molten metal. 

At the cinder holes of the cupola 
when it is in operation slag wool is 
produced, which floats or is driven 
by air currents to surrounding 
objects, chiefly the motor, blower, 
control and cables, to say nothing of 
the building framework upon which 
it hangs like moss. This wool is not 
a conductor of current and will not 
burn. Periodical cleaning prevents 
its collection to a great extent but an 
open motor, likewise its control, must 
receive protection which is provided 
by a fine meshed screen built about 
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EXCESSIVE HEAT 
FUMES 
ABRASIVE DUSTS 
MOISTURE 
SHOCK LOADS 
VIBRATION 


Stationary sand ramming machines 
for the pits having a turntable upon 
which the flasks are placed. This is 
a magnetic type which supersedes the 
air-lift valve sand rammer. 


both, thereby inclosing them totally, 
but not interfering with the ventila- 
tion. An endless leather belt is used 
successfully, lasting from one to five 
years. 

During the time that the metal is 
being prepared molding and core- 
making operations are being carried 
on in another section of the plant. 
Cores are made up of straw rope 
wound on a bar that is turned by a 
7'¥4-hp. d.c. motor as shown in an 
accompanying illustration. Mud or 
loam is added to build the cores to 
the required diameter and they are 
then dried. Leather belts are used 
to drive the core-making equipment ; 
the drive conditions are not severe, 
but the belts are subjected to exces- 
sive dust and moisture caused by 
stripping the flasks and cooling the 
hot sand. 

Setting up the flasks is the next 
step. These flasks are split and open 
on hinges. They are locked and 
placed in the pit on a turntable. The 
pipe pattern is inserted in the flask 
and the ramming machines are 
started. Here two different types 
are in use, one magnetically operated 
and the other using air. 

Except for the cranes no other 
class of foundry equipment is subject 








to such severe service as these sand 
rammers which are driven by open- 
tvpe, 7%-hp. d.c. motors. They 
are gear driven and exposed to 
foundry dust but that is not the worst 
condition to which they are subjected. 
‘x ramming sand in a flask, rotary 
motion is converted to reciprocating 
motion to lift the ram rods. These 
rammers are steel rods that exceed 

e length of the flask and pass 
‘hrough air or magnetic valves that 
lift them for every stroke. As a con- 
sequence, heavy vibration is pro- 
duced which is transmitted to the 
bearings, particularly the motor 
bearings. 

Up until three years ago motors 
were changed every month and 
oftener because of bearing trouble. 
The babbitt would be pounded out 
not only in the bore but endwise. 
The answer to this problem was 
obtained by the maintenance depart- 
ment by the application of anti- 
friction bearings. Roller bearings 
were put in the housings on the 
pinion ends and self-aligning ball 
bearings on the commutator ends. 
Wherever plain bearings have been 
replaced it has not been necessary to 
replace a motor on account of direct 
bearing trouble, with but one 
exception. 

Although dust and dirt are present 
at times in excessive quantities, very 
little trouble has been experienced 
with these drives. Oil as a lubricant 
for the bearings has been discon- 
tinued in favor of grease. The 
motors are in intermittent service, 
which seems to be the only thing in 
their favor. When in use, field coils 
and leads become loose, necessitating 
irequent trips to the shop for over- 
hauling and tightening up generally. 

Good results have been obtained 
in anchoring the field coils by wrap- 
ping a layer of fiber around the pole 
and driving in wooden wedges be- 
tween the coil and the pole after the 
coil has been put in place. 

After the flask has been tamped 
and the basins made, the core is in- 
serted and pouring is commenced; 
here is where the overhead cranes 
come in for their share of the work. 
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Crane trouble is ‘mostly motor 
trouble at this plant. In the shop 
making from 6- to 10-in. pipe the 
cranes extract the patterns from the 
flasks before the cores are inserted 
and in getting the pattern started 
from one to five or more jerks are 
given by the crane hoist motor before 
the pattern is loosened. These jerks 
soon wear down the best of equip- 
ment, but it’s part of the show. 

Until about six years ago, three 
burned-out armatures per week was 
the average for three cranes having 
three motors each. It took about 
six weeks for flat spots to appear on 
the commutators of the hoist motors. 
The armature bearings also were 
worn so badly that they, too, had to 
be changed. For the electrical 
troubles, a cure was found which 
consisted of adding an additional set 
of brushes to the brush arm. Only 
one set was provided with the motors 
originally. The mechanical trouble 
was remedied by changing the 
method of lubrication. The bearing 


lining was found to be the same 
length as the housing. As an experi- 
ment, the oil hole and the bottom 
reservoir were plugged and a grease 
cup attached to supply the necessary 


lubrication. These cups are turned 
until grease is seen being forced out 
between the shaft and the lining. 
Naturally, grease works in on the 
commutator, but diligent cleaning 
and attention prevent much trouble. 

Lack of lubrication was found to 
be the chief cause of bearing troubles. 
Now, from five to eight failures per 
year are experienced and this number 
is considered fair for this class of 
service. 

After the iron has set in the molds, 
the flasks are shaken out, the cast 
pipe is put aside to cool and later is 
removed for the finishing operations. 
The sand is wet down with water and 
then reclaimed for further use. In 
one portion of the plant a steel rope 
conveyor, 118 ft. long, drags this 
used sand to a crusher where it is 
broken up and thoroughly cleaned 
and distributed again to the ramming 
platforms. 

Serious trouble was experienced 
on this conveyor drive from abrasive 
dusts getting into the bearings. Not 
only were the bearings destroyed but 
the shafts as well.. These bearings, 
having babbitt linings, were changed 
on an average of three times a year; 
so to reduce the number of failures 





Core-making machine and its drive. 


This machine operates at times -in 


. an atmosphere of dust and moisture which is set up when flasks are 
opened and their former contents are cooled. 








at this point a kink worthy of men- 
tion is being tried. Besides using a 
different grade of bearing metal, the 
shafts have been equipped with 
grease cups, holes being drilled 
axially and radially to meet opposite 
the centers of the bearings, and the 
grease cups being applied to the ends 
of the shafts. When grease is forced 
into the bearing from the shaft it 
pushes out the dormant grease, tak- 
ing the abrasive matter with it. In 
this way the flow of lubricant is from 
the inside to the exterior of the 
bearing. 

A close-up of the armature bear- 
ings arranged for grease lubrication 
is shown. From six to eight months 
of service are obtained from these 
bearings under ordinary operating 
conditions and it is realized that if 
they were kept properly lubricated 
three times their normal life could 
be expected. 

Double-ply leather belts are used 
almost exclusively in the line of 
power transmission. Five years is 
the average life under the conditions 
of operation and at the end of that 
period, or as the underside or contact 
side wears, the belt is removed from 
service. Because of the adverse con- 
ditions belt dressing must be used to 
prevent undue slippage and for this 
purpose a dressing made at the plant 
is applied. It consists of a mixture 
of rosin and engine oil. The solution 
is made up with 80 per cent by 
volume of oil for winter use and 
60 per cent for summer use. 

When the underply necessitates a 
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Overhead crane 
motors are subjected 
to all kinds of op- 
erating conditions in 


the foundry. It is 
dificult to decide 
whether the worst 


condition is heat, or 
dust, or vibration. 


change of belt it is replaced and all 
belts so removed are laundered and 
then rebuilt by removing the under- 
ply and adding a new ply to the top 
ply which is in fairly good condition. 
The old top ply now becomes the 
under ply or the running side of the 
belt and it is continued in service 
until it is necessary that it be re- 
moved for laundering. In this way 
all belts are used until there is no 
more life in them. 

With armatures that are taken to 
the repair shop for overhauling be- 
cause of damage to the risers from 
lateral motion in the motor frame, 
fiber strips are cut, bent to shape 
and inserted between the risers. They 
are then secured in place by a string 
band which is treated with insulating 
varnish to prevent the absorption of 
lubricants and moisture that ordi- 
narily work their way in to cause 
grounding and other trouble. 

Aside from the plant equipment 
mentioned here, other auxiliary 
equipment is under close observa- 
tion by the maintenance group, the 
members of which are supplied with 
a wiring diagram of every motor 
and control installation. These dia- 
grams are made up in loose-leaf, 
note-book size as blueprints and are 
carried by the men when on duty. 

Where machine shop drives were 
not equipped with dynamic braking 
especially on the large lathes handling 
work that must be secured eccen- 
trically, ingenious arrangements have 
been provided to reduce the condi- 
tions of severe service to which the 


drives are subjected. One in particu- 
lar is where collector rings were 
added to the lathe controller shaft 
because there was no room to add 
extra fingers in the controller case. 
Formerly, it was difficult to control 
or regulate the speed of this particu- 
lar motor when a heavy or lop-sided 
piece of work was in the lathe. To 
stop the motor, it had to be reversed 
and from this plugging service the 
armature suffered. Consequently, a 
cast-grid resistor was mounted be- 
side the regular armature resistor 
and connected for dynamic braking 
through the auxiliary collector rings 
on the lathe controller shaft. The 
connection was made so that when 
the main controller was in the off 
position the resistor used for the 





Armature bearings converted from 
oil-ring to grease lubrication as a 
means of reducing the number of 
failures. 
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dynamic braking was cut into the 
motor circuit, thus tending to bring 
the work to rest without damage to 
the motor. In addition, the field coils 
of these motors are energized con- 
tinuously, the connection being made 
across the terminals of the main 
switch which is opened at the end of 
the shift or when the operator leaves 
his work. 

There is a section of the foundry 
that always seems to be neglected for 
some reason or other, yet it receives 
as much attention as the production 
equipment. That section is the roof. 
It is, no doubt, one of the biggest 
problems to contend with in building 
maintenance for it is subject to at- 
mospheric changes and, worse than 
that, products of combustion which 
are highly acidulous. 

A zinc roof was installed over one 
of the shops but after six years of 
service it must be replaced entirely. 
Roofs surfaced with other materials 
have been tried but the slate roof put 
on 25 years ago has withstood the 
elements better than any other type. 
So from the beginning to end, and 
from the floors to the roofs, the 
foundry is taking its share of severe 
service. 


Industrial Engineering—V ol.87, No. 6 

















Cum «6 == FT SO 


SE OO NS Se) 


ment is not necessarily induced 

by, or dependent upon, the 
weight of the material used in the 
manufacturing process. It is often 
present in shops handling light mate- 
rial if one goes behind the scenes to 
find it. Aluminum is no exception; 
ample evidence is found in the plant 
of the United States Aluminum Com- 
pany, Cleveland, Ohio, where alu- 
minum alloys are cast and forged 
into many products used by industry. 
Among some of the products pro- 
duced are propeller blades for air- 
planes, connecting rods for gas 
engines, and other objects that range 
from huge decorative . architectural 
units to various parts of outboard 
motors. 

The appearance of a product does 
not necessarily reflect the equipment 
used in its manufacture or the con- 
ditions under which it was produced. 
With steel products one naturally 
assumes that massive tools and tribu- 
tary equipment clouded in grime and 
smoke are necessary to give them 
shape and, what is more desirable, 
utility. It is fallacy to conceive of 
an aluminum foundry as a bright, 
cleanly spot on the industrial lands- 
cape, merely because aluminum itself 
is so bright and clean looking. 

Aluminum is received at the 


. EVERE service in shop equip- 


Puddling is necessary to prevent the aluminum from 

being oxidized or burned, consequently the drive 

elements must be in close proximity to the furnace. 

Here it is immediately overhead where it is subject to 
excessive heat and abrasive dusts. 


Traversing the entire length of the foundry, the mov- 
able platform conveyor which is located between the 
columns at the right, is subjected to adverse conditions 
of operation such as unequal loading, shock loads and 


excessive dust. 
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foundry in the shape of ingots, which 
are melted and alloyed in furnaces or 
pots, depending upon the quantity of 
metal desired. Both units, however, 
are operated on the same principle. 


Accompanying illustrations, show 
both types and, as can be noticed, 
each is provided with puddling de- 
vices. The material is placed in the 
furnace on top of the melted charge, 
and because of its character it must 
be stirred until it is in a molten state 
to prevent it from being oxidized or 
completely burned to cinder. The 
mixing equipment must be driven 
from a source of power that will give 
reciprocating motion, and the source 
of power in the cases mentioned here 
is a motor which is installed usually 
in close proximity to the furnace or 
the pot. 

In the case of the pot illustrated, 
the motor is installed to the rear of 
the pot and fairly high along the wall 
to get it as far from the heat of the 
furnace as is possible. Aluminum 
melts at 658.7 deg. C., so it is readily 
seen why it must be located at a 
distant point. The motor is of the 


* * * * 


One way of combating abnormal heat 
and excessive abrasive dust condi- 
tions. The motor is totally-inclosed 
and ventilated by the duct which is 
led through the roof structure. 
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open type, rated at 5 hp., and 
equipped with sleeve bearings, lubri- 
cated by means of oil rings. 

But what about the drive medium 
between the motor and thé mixing 
equipment? Leather belts are used 
entirely and they are usually képt 
very tight because belt dressings have 
not been used with any degreé of 
success to reduce slippage. Conse- 


quently trouble is experienced with 
the bearings, but not from that cause 
wholly. Add to the excessive belt 
pull the abrasive action of aluminum 
oxide. The average period of serv- 






Ball mill in which the skim or slag is 
crushed for the recovery of the aluminum. 
The character of the material handled may 
be seen in the foreground, and which is 
the source of the abrasive dust, aluminum 
oxide, encountered about the plant. 





The conditions under which power transmission 
elements of the sand recovery system operate are 
plainly discernible. 








Drive motor for puddling equipment on a 
melting pot installed on the wall to-get it 
as far from the heat as is possible. 


Lack, of ventilation and an atmosphere of dust necessitate 
the use of totally-inclosed motor and control equipment 
at this point in the sand recovery system. 


In this location, adjoining the ventilators, the dust col- 
lector system drive enjoys freedom from belt and bearing 
troubles for a year after installation. 
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ice is from 3 to 4 months at 24 hours’ 
service per day for 5% days and 
more, without a shutdown. 

Approximately a year’s service is 
gotten out of the belts and when a 
belt is removed from service it is 
scrapped. No attempt is made to 
reclaim any portion; it is burned out 
from the abrasive action under high 
tension, and dried out from the heat. 
The conditions about these drives 
cannot be changed, so they must 
stand the service regardless of the 
mortality in bearings, belts and 
motors. 

With the furnace, which handles a 
larger amount of aluminum than the 
pots, the mixing equipment is ar- 
ranged in a slightly different way. 
It is motor driven, but the reduction 
is made by means of a totally- 
inclosed speed reducer which op- 
erates in a bath of 600 W oil, or its 
equivalent. Here the entire equip- 
ment is mounted on top of the fur- 
nace just above the door. In this 
position it is affected by considerable 
heat. The motor used is totally in- 
closed and fan cooled, and equipped 
with ball bearings. Prior to the in- 
stallation of this inclosed motor an 
open motor was used. Two weeks 
was the longest period over which the 
open motor operated without trouble, 
usually resulting from burned out 
bearings. When the bearings gave 
out, the armature was let down on 
the poles and they, too, were 
damaged. 

Oftentimes the trouble was traced 
to abrasive dust in the bearing, caus- 
ing the oil ring to stick or the bearing 
to be scored so badly that it was 
burned out. At other times it was 
traced to line shafting troubles, al- 
though primarily heat was the 
offender. 

As a result of the change to the 
inclosed motor and inclosed reducers, 
the mechanical troubles have been 
practically eliminated. Armature and 
other electrical troubles have been 
reduced to a great extent by the use 
of cross-the-line starters equipped 
with thermal overload relays that 
compensate for overload and low 
bearings. 

Some of the dust in which the 
equipment operates is a product of 
the combustion process but the 
greater portion results from the 
skimming process, handling of the 
skim or slag, and the crushing for 
the recovery of the aluminum car- 
ried by the slag. As this slag is 
skimmed from the furnace it is taken 
aloft by a conveyor and transferred 
to a ball mill. The elevator used to 
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pick up the slag is of the bucket type 
having its drive mechanism at the 
top, about 8 ft. from the roof. A 
3-hp. motor is sufficient for this pur- 
pose if it is kept cooled and free from 
the dust which is present in 
abundance. 

Here again the conditions could 
not be changed but adequate protec- 
tion was possible. The motor was 


totally inclosed with a steel cover 
from which a ventilating pipe was 
led out through the roof to obtain 





In an atosphere of aluminum oxide, 
excessive lubrication was responsible 
for the lifting screws and trunions of 
this 3-ton truck wearing out in less 
than a month’s time. 


* * *K * 


fresh air. It works—try it. This 
treatment permits the motor to run 
continuously. 

At the crusher a hummer screen 
is operated with a 15-cycle magnet 
for separating the large particles 
which are put through a hammer 
mill to be reduced to powder. for 
bagging. The mill is driven by a 
38-hp. wound-rotor motor that for- 
merly drove an air compressor; 
hence the odd capacity. A worm 
gear is also used on this drive, which 
is connected on both sides by flexible 
couplings. 

Dust creates objectionable condi- 
tions here, but trouble is prevented 
by blowing out the motor windings 
weekly with high-pressure air. Oil 


is added to the bearings daily, and 
every week they are drained and 
flushed with kerosene and refilled. 
These bearings are of the open type, 
but aside from the procedure men- 
tioned no other protection has been 
necessary. 

The dust collecting system proper 
is located almost above the ball mill 
to reduce the distance the dust must 
travel. Its drive is close to the roof 
ventilators and reasonably free from 
heat and dust. Leather belts are 
used for the drive connection; they 
are free from trouble for about a 
year after installation. 

Lubrication in many respects is 
looked upon to relieve friction and 
reduce excessive wear, but in one 
particular case it did neither. On 
the storage battery lift trucks used 
to transport ingots and castings about 
the shop, oil was applied under the 
assumption that if a little helped a 
whole lot ought to cure. It did. It 
cured the maintenance department of 
lubricating the lifting screws and 
trunions. The lubricant afforded an 
excellent anchorage for the alu- 
minum oxide dust which wore out 
these elements in less than a month’s 
time. 

The result of this revised treat- 
ment with these 3-ton trucks, which 
operate about 16 hours daily, is a 
maximum of about four months’ 
service. The balance of the truck, 
however, is well lubricated and very 
little dust enters, because of the 
almost complete inclosing.” Every 
week the truck chassis are steam 
cleaned with an alkali solution, while 
the batteries are flushed clean with 
live steam only. 

Tire trouble is most common with 
the 10-in. trailer wheels, the average 
life of which is one month. 

In addition to these trucks other 
material handling equipment comes 
in for its share of severe service. An 
example is the movable platform 
conveyor located in the center of the 
foundry at floor level. Another ex- 
ample is the sand handling system. 
This system is unique in that it is 
continuous in its operation of keep- 
ing the molders supplied with fresh 
sand and at the same time reclaim- 
ing sand from the castings and molds. 
The equipment handles new sand 
from the railroad cars to storage 
where the bins contain the sand for 
molding, blasting, casting and core 
making. Fresh stock is taken from 
the bins by electric trucks equipped 
with hoppers. From the storage 


hopper it is moistened and carried on 
(Continued on page 331) 
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PAPER-MAKING: 









L[mposes Conditions of Severe Service 


MOISTURE — HEAT — WATER 


NDER the best conditions that 
it is practicable to obtain, 
steam and moisture present 

some annoying problems in paper 
and board mills. Unless adequate 
provisions are made for removing or 
otherwise taking care of these ele- 
ments they may be the cause of a 
great deal of trouble. How we meet 
the problems which they present is 
told in this article. 

Our plant is devoted to the manu- 
facture of folding box board and 
comprises two paper machines with 
the necessary beaters, stock chests, 
jordans and other associated equip- 
ment. We operate our own power 
plant for generating all the steam 
used in process work as well as the 
electrical energy for power. 

In order to give a clearer concep- 
tion of our conditions it may be said 
that the process of making box board 
consists, briefly, in treating the raw 
material, waste paper of various 
kinds, with hot water in large open 
vats called beaters. The mixture of 
paper and water is circulated and 
beaten by means of flat bars set edge- 
wise in a revolving cylinder until the 
paper is thoroughly broken up and 
the fibres more or less completely 
separated. At the conclusion of the 
beating process the product is a sort 
of light fibrous pulp suspended in 
water. 

From the beaters the stock, as it 
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is now called, is allowed to flow by 
gravity into the stock chests, which 


are large, enclosed wooden or con-; 


crete tanks. The stock is pumped 


from these chests as needed, forced. 


through a jordan engine, which 
breaks up any masses of fibre that 
still remain, and is finally again 
pumped to small tanks from which it 
flows by gravity to the wet side of 
the paper machine. 

When the stock is collected on the 
felt of the paper machine it contains 
about 80 per cent of water which 
must later all be driven off, first, by 
passing through a series of rolls, and 
later in the form of steam by passing 
the board over a number of steam- 
heated drying cylinders. Thus, 
throughout the whole process a large 
amount of water is used and in the 
later stages steam is given off in con- 
siderable quantities and must be 
effectively disposed of. 

We attack the problem of prevent- 
ing condensation and dripping by 
forcing enough heated air into the 
beater and machine rooms to reduce 
the relative humidity to the point 
where little condensation takes place. 
For this purpose we use one drying 
and one heating fan delivering about 





50,000 cu. ft. of air per minute each, 
with each paper machine. These 
fans are enclosed in steel housings 
fitted with steam coils and are driven 
by motors ranging from 20 to 50 hp. 
Thus, the drying fan for No. 1 ma- 
chine has a 35-hp. motor and blows 
heated air on the board passing 
through the drying cylinders, hasten- 
ing the removal of moisture from the 
board and helping to warm the de- 
partment, while: it decreases the 
relative humidity of the air. In 
addition, an exhaust fan on the ma- 
chine helps to carry off the steam and 
moist air, and discharges it through 
a roof ventilator. 

The heating fan for the beater 
room and No. 1 machine is driven 
by a 20-hp. motor and supplies warm 
air to these two departments through 
a number of large ducts. Natural 
draft through a roof ventilator also 
draws off a good deal of the steam 
arising from the machine. 

The arrangement for the No. 2 
machine is similar to the above. The 
drying fan is driven by a 30-hp. 
motor, whereas the heating fan for 
this machine and the corresponding 
beater room is driven by a 50-hp. 
motor. Although these fans success- 
fully prevent condensation for the 
most part the air throughout the mill 
is very damp and the presence of so 
much water everywhere produces 
problems that are not found in the 
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usual run of industrial manufac- 
turing plants. 

For example excessive moisture is 
a prolific source of trouble with elec- 
trical equipment unless the proper 
precautions are taken. We operate 
about 60, 440-volt, three-phase, 60- 
cycle motors, of which the largest are 
of 200-hp. rating, with a few 
fractional horsepower, single-phase 
motors. Among these motors, which 
have a total rating of 3,500 hp., are 
three synchronous and ten slipring 
motors; the remainder are of the 
squirrel-cage type. Slipring motors 
are used to drive the beaters and the 
constant-speed shaft of the paper ma- 
chines, as in both instances the 
starting load is heavy and slow 
acceleration is required. 

All motors are mounted in places 
as dry as possible and are protected 
by shields if there is a possibility that 
water may drip on them. They are 
inspected once a day and oiled if 
necessary, and blown out once a week 
or once in two weeks, depending on 
the conditions. Whenever a motor 
shows signs of distress it is removed 
and overhauled as promptly as pos- 
sible. If for any reason a motor is 


removed or the machine which it 
drives is shut down for a few days, 
the motor is disassembled, the coils 
washed with gasoline and then given 
two coats of an air-drying, insulating 
varnish. 

Grounds occasionally develop, but 
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on the whole we do not have much 
trouble with our motors, as is shown 
by the fact that in nine years we have 
had to rewind only two motors of 
more than 25-hp. rating. During the 
same period we rewound about six 
motors of less than 25-hp. rating. 

Whenever a motor is located in a 
hot place we select one of liberal 
rating for the job. Although this 
practice increases the capital invest- 
ment somewhat we believe that it is 
more than overbalanced by the re- 
sultant freedom from overheating 
and trouble. 

As a further precautionary meas- 
ure we will soon begin to take 
insulation resistance readings of all 
electrical equipment at frequent 
intervals. 

Much of our control equipment is 
push-button-operated and is like- 
wise inspected frequently enough to 
insure relatively trouble-free opera- 
tion through the prompt detection 
and remedy of any abnormal condi- 
tions. Every Friday an inspector 
goes over all fuses and if signs of 
heating are detected the ferrules and 
clips are thoroughly cleaned. 

Moisture does not cause as much 
trouble with our power wiring as 
might be expected. Grounds some- 
times develop, but for the most part 
the power circuits give less trouble 
than the lighting circuits. We use 
threadless conduit fittings and paint 
the joints thoroughly. This does not 


The constant-speed shaft for the No. 2 paper machine is 
driven by a 150-hp. slipring motor through an 18-in., light- 





interfere with grounding and seems 
to be effective in preventing the 
entrance of water. We watch our 
conduit lines carefully and when 
trouble occurs or a section appears to 
be in bad condition, we replace as 
much of the conduit and wiring as 
may be necessary. 

Ordinary, standard rubber-covered 
wire is used throughout and gives 
satisfactory service. In one or two 
instances we have put in an asbestos- 
covered wire where the installation 
was exposed to an unusually high 
temperature, but the presence of so 
much moisture caused trouble and 
we have had to go back to the use 
of rubber-covered wire. 

As mentioned above, we have more 
trouble from grounds on our 110- 
volt lighting circuits than on the 440- 
volt power lines, although it is rather 
difficult to ascribe a reason for this. 
I believe that at times it has been 
caused by injury to the insulation 
while pulling the wire into the con- 
duit. For this reason we use extra- 
large conduit and exercise great care 
to avoid injury while pulling the 
wire in. 

With the exception of ten silent 
chain drives all of our equipment is 
driven through belts, of which we 
have about 160 in operation. We use 
about twenty retan leather belts, 
some of which are of fairly good size. 
For example, the belt on the con- 
stant-speed lineshaft for the No. 2 





double, chrome-tanned leather belt. 














This 120-hp., short-center drive for the No. 2 paper machine beater saves 


valuable floor space. 


The motor pulley is 15 in., and the shaft pulley 


7 ft., in diameter, operating on 6-ft. centers. 


machine, which is driven by a 150- 
hp. motor, is a light double belt which 
was originally 18 in. in width, al- 
though it is now somewhat narrower 
as it has been in service about six 
years. Several other leather belts 
are almost as old and are still in 
good condition. Under our condi- 
tions I estimate that a good, special- 
tannage or waterproof, oak-tanned 
leather belt should have a life of ten 
years. Of course, an ordinary 
leather belt that is not waterproof or 
cemented with a waterproof cement 
would go to pieces very quickly. 

For the most part, however, we 
use a good standard make of rubber 
belt and have comparatively little belt 
trouble. Probably one reason for 
this is the fact that we take a great 
deal of care to see that the drive is 
properly proportioned as_ regards 
center distance, pulley diameters, 
and so on. Under these conditions 
we find that a good rubber belt will 
give from three to five years of serv- 
ice. As a matter of fact, accidents 
such as slipping off a pulley and 
catching or wearing through, are re- 
sponsible for a good many of our 
belt failures. 

As a general rule, to which there 
are some exceptions, we use leather 
belts on drives where the belt can 
readily be made endless and tight- 
ened when running. On drives 
where this is not possible we use 
rubber belts. 

Incidentally, on two drives auto- 
matic belt tighteners have enabled us 
to use very short center distances and 
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release valuable floor space for other 
purposes. 

In addition to the regular flat belt 
drives we have installed five V-belt 
drives during the past year and a 
half. Two of these are 60-hp. drives 
on beaters, one is a 200-hp. drive 
operating on 7-ft. centers on the vari- 
able-speed lineshaft for the No. 1 
machine, another is a 50-hp. drive 
for the No. 2 beater room lineshaft, 
one is of 30-hp. rating driving the 
No. 1 beater lineshaft and the last is 
a 10-hp. drive on a Lobdell roll 
grinder. 

Inasmuch as these belts are of 
rubber and fabric construction they 


are not affected by steam and mois- 
ture and have given very satisfactory 
service. 

Naturally our line shafts become 
rusty in a short time, but this does 
not affect operation, nor has moisture 
caused any trouble with the bearings, 
which are of the ring-oiling type. 
However, our experience with 
pressed steel pulleys has not been 
altogether satisfactory. They tend to 
rust rather badly and we have had 
trouble from loosening of the rivets 
and occasionally breaking of the 
arms just inside of where they are 
riveted to the hub. It is quite pos- 
sible that these troubles are at least 
partly due to rusting. In any case, 
we find that cast-iron pulleys operate 
more satisfactorily and hence use 
them on all drives requiring a belt 
8 in. or more wide. 

The ten silent chain drives men- 
tioned above, ranging from 5- to 75- 
hp. rating are in operation on beaters 
and have been running five years. 
Inasmuch as they are totally inclosed 
in a housing and run-in a bath of 
lubricant they are not affected by 
steam or moisture. Such troubles as 
we have had with them can hardly 
be blamed on the chains themselves, 
as we found that they were due to 
improper installation and lack of 
lubrication. 

It was mentioned above that steam 
and moisture have not caused us any 
trouble with lineshaft bearings. On 
the wet end of the paper machines 
conditions are different. These ma- 
chines were originally equipped with 
plain bearings for the cylinders and 
rolls, and we experienced a good deal 
of trouble with them. Water is con- 





Rubber belts transmit a total of approximately 150-hp. between this 
variable-speed shaft and the poe sections of the No. 2: paper 
machine. 
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tinually streaming down over them 
and frequently enough would get in- 
side the bearings to destroy the 
lubrication and, although these are 
slow-speed bearings, they would 
rapidly cut out. 

A considerable number of these 
bearings have, therefore, been re- 
placed with anti-friction bearings of 
both the ball and roller types, in 
water-tight enclosures. We are still 
experimenting with these bearings 
but so far the results have been fairly 
satisfactory. We have had some 
failures due to water getting into the 
bearing and destroying the grease, 
forming a black, hard mass. This 
results in scoring, or breaking of 
balls and races. 

Apparently the primary cause of 
the trouble has been the difficulty of 
keeping the bearings full of grease. 
Despite careful supervision the oilers 
sometimes neglect some of the bear- 
ings, and trouble ensues. 

Out of a total of 60 anti-friction 
bearings on our paper machines we 
have had to replace at least 30 bear- 
ings, owing to failure, during the past 
six or seven years. However, even 


under these conditions we consider 
them to be a good investment. 
A few of our motors are also 





equipped with anti-friction bearings, 
but our experience with sleeve-bear- 
ing motors has been so satisfactory 
that there seems to be no good reason 
for adopting a more expensive type. 

In the presence of so much mois- 
ture, all exposed ironwork needs 
close watching and more frequent 
painting than would ordinarily be 
required. In view of this fact we 
use concrete construction, either 
solid or reinforced, and eliminate 
ironwork as much as possible. 

Woodwork is likewise unsatisfac- 
tory as it is subject to objectionable 
warping and cracking. Hence, we 
use steel sash throughout. Although 
it rusts easily unless properly cared 
for it does not readily warp out of 
shape, and is fireproof. 

After considerable experimenting 
we have found that blue lead paint 
gives the best results in protecting 
ironwork, piping, and the like from 
rust. When properly applied over a 
clean surface a coat of blue lead 
paint with a finish coat of black 
graphite or other good paint will 
stand up for about two years. We 
use this combination for both inside 
and outside work. 

Corrosion of piping is an important 
problem with us. In the presence of 





so much moisture and steam, all pipes 
carrying city water, stock, and cold 
liquids generally, sweat badly and are 
subject to severe corrosion. Con- 
trary to what might be expected, 
some of our pipes have been de- 
stroyed by corrosion from the out- 
side, rather than from the inside. It 
appears that steam that has just been 
condensed is particularly active in 
causing corrosion of iron. 

As a result of tests that are still in 
progress we have adopted the use of 
galvanized, wrought-iron pipe for 
handling all cold liquids, as this kind 
of pipe gives longer life. As a fur- 
ther protection it is kept well painted 
on the outside with blue lead paint. 

The walls and ceiling are, of 
course, subject to condensation or 
sweating, but by keeping them pro- 
tected by a good paint no harm 
results. 

Most of our roofs are of concrete- 
slab construction covered’ with 
several layers of tarred paper. We 
give them a coat of a paint composed 
of asphalt containing asbestos about 
once in three years and find that this 
keeps them in good condition. 

The roof over the No. 2 machine 
room is of different construction 
(Continued on page 332) 





A number of the plain bearings originally used on the No. 2 paper machine have been 


replaced with the antifriction type, three of which can be seen at the right. 


This is the 


wet end of the machine and water flows constantly over many of the bearings. 
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Fligh Lights from the 





Mill Supplies Convention 


ANY matters of direct inter- 
est to the men who are 
dependent upon mill supply 

houses for service-to-production 
equipment and replacement parts 
were discussed at the triple conven- 
tion held May 7, 8 and 9 in Atlantic 
City. The three associations taking 
part were the National Supply and 
Machinery Distributors’ Association, 
the Southern Supply and Machin- 
ery Dealers’ Association, and the 
American Supply and Machinery 


Manufacturers’ Association. Ap- 
proximately 400 distributors and 
manufacturers attended. The fol- 


lowing quotations will high-light the 
convention for you: 


“During the past eighteen months 
it has been very pleasing to note an 
increased interest on the part of 
manufacturers generally in the prob- 
lem of distribution, and I think I am 
safe in saying that more thought has 
been given to distribution in the 
recent past than for a great many 
years. 

“Manufacturers generally are 
realizing the importance of more 
close scrutiny of the manner in which 
their products are distributed, and 
this has been beneficial to the mem- 


bers of our association, and, I feel, | 


likewise to the members of the 
Southern Association. 

“It is my sincere hope that the 
distributors of the country have, in 
a practical manner, shown their ap- 
preciation of the efforts of manufac- 
turers to conduct the distribution of 
their products along lines which are 
beneficial to distribytors.”—EDWARD 
P. WELLES, retiring president of the 
National Supply and Machinery 
Dealers’ Association. 


“Co-operation to get any place 
must be honest. If a manufacturer 
decides to sell through distributors, 
he should confine his efforts entirely 
to them. I believe also that co- 
operative efforts will be most fruitful 
if a plan similar to that of the Bolt, 
Nut and Rivet Manufacturers’ Asso- 
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ciation is followed. Let manufac- 
turers in similar lines organize and 
work with distributors through local 
groups. 

“One thing the average manufac- 
turer needs to do is to survey his 
territories and then place distributors 
properly. And in picking distributors 
he should make sure that they have 
the right qualifications to do a real 
job on his line.”—L. G. Pucuta, 
Queen City Supply Company. 


“We are building up a closer con- 
tact with our manufacturing friends 
in the American Association in an 
honest and business-like effort to 
establish manufacturer-dealer dis- 
tribution, which, from our viewpoint, 
is the logical method of bringing to 
the industrial consumer the products 
of the manufacturer. We are fully 
convinced that dealer distribution is 
the most economical method for the 
manufacturer to follow, and this is 
borne out by the selling policies now 
used by a large number of reputable 
manufacturers who distribute their 
products entirely through the dealer.” 
—AtvIN M. SmITH, « secretary, 
Southern Supply and Machinery 
Dealers’ Association. 5 


“The National Association has 
long maintained that the alleged 
economies of many socalled short- 


cuts are fictitious, and that when: 


manufacturers attempt to sell direct 
they must assume the obligations, 
responsibilities, services, duties, and 
functions of the distributor, which 
materially inflate their costs. A tre- 
mendous amount of publicity has 
recorded the fact that distribution 
costs can be transferred from one 
agency to another, but not eliminated. 
As a result, we are hopeful that, as 
time passes, the. distributor will be 
accorded the recognition to which he 
is unquestionably entitled.” GEORGE 
A. FERNLEY, Secretary. 


“Distributors have been on the 
map in the past, are on the map now, 


and will continue to stay on the map 
so long as they render an economic 
function in the distribution of mill 
supplies. That method which moves 
merchandise most quickly and at the 
lowest cost from the shipping room 
of the factory to the hands of the 
consumer is. economically sound. 
Rendering as you do a real service 
to manufacturers and consumers 
through specialized contact with and 
knowledge of the needs of your cus- 
tomers, and prompt deliveries, you 
are assured a niche in the field of 
distribution. You perform .a ware- 
house service for both manufacturer 
and consumer and carry under one 
roof, at convenient points, thousands 
of products of manufacturers located 
in all parts of the United States, and 
thus make them readily obtainable. 
You reduce the inventory investment 
of the manufacturer and buyer. You 
are constantly studying new products 
for the purpose of intelligently de- 
termining their adaptability to your 
customers’ wants. 

“In view of the personal contacts 
made and the happy relationships 
with power users enjoyed by your 
salesmen it is possible through in- 
telligent salesmanship to show a 
plant engineer where, by installing 
proper equipment, he will, in the 
final analysis make great savings in 
power transmission in his plant. 

“Modern industrial marketing re- 
quires accurate data. If you can 
show a power user definite dollars 


“savings, he will buy equipment and 


supplies you recommend. If you do 
it often enough, you increase your 
sales. An exhaustive survey of sales 
of‘ mechanical power transmission 
equipment shows at least 50 per cent 
sold through distributors. It is self 
evident that manufacturers and dis- 
tributors should work together to 
serve their ultimate customers. If 
you give the service necessary to 
build up sales to power users, there 
is no doubt but that the sales of 
transmission equipment and supplies 
to power users by mill supply houses 
will increase.—W. S. Hays, execu- 
tive secretary, Power Transmission 
Association. 
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“Only a few of the firms report- 
ing showed an adequate profit. What 
can be done to average a net profit 
by our members that will fairly com- 
pensate them for the service they 
render? We all have endeavored to 
convince our customers that we are 
rendering them a valuable service, 
that we are selling them more eco- 
nomically than they can buy direct 
from the manufacturer, and that our 
large and complete stocks are the 
means of saving them considerable 
money. If we have convinced our- 
selves of this situation, why can’t 
we convince ourselves of the neces- 
sity for getting an adequate profit, 
and set about to do it?’—ALvin M. 
SMITH. 


“We strongly recommend that an 
effort be made to standardize our 
terms. We can no longer continue 
to sell our merchandise on terms that 
we have extended for so many years 
past, for the reason that a great many 
manufacturers, particularly those 
making heavy lines, have either with- 
drawn cash discounts entirely or 
have reduced them to a point where 
it does not pay to take advantage of 
them. In addition to this, the manu- 
facturers have standardized rules 
covering returned goods, claims for 
adjustments, and such other evils as 
have crept in. 

“If our terms are to be thirty days 
or sixty days, with two per cent dis- 
count for cash for payment in ten 
days on those lines of goods upon 
which the manufacturer allows this, 
we should confine ourselves to those 
terms, and on the few heavier lines, 
where the discount has been with- 
drawn or reduced to one-half of one 
per cent, or one per cent, we might 
well consider segregating these items, 
selling them on the same terms... . 

“Our practice covering returned 
voods is not standardized, and we are 
constantly being imposed upon, 
where, if we stood together as a unit 
in each community and refused to ac- 
cept returned goods without good 
reason, and followed the manufac- 
turer’s practice of making an arbi- 
trary deduction for putting goods in 
shape to be restored to stock, it seems 
to us that we could easily enforce a 
standard practice. These and other 
things which we can and should do 
can be brought about through group 
conferences, where in every territory 
the entire group working that section 
could be brought together to take up 
these problems, and any others on 
which we may legally do so, and 
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which would certainly increase our 
profits considerably.” — Atvin M. 
SMITH. 


“Simplification brings about a re- 
duction in inventories. It puts more 
dollars into the cash drawer and 
keeps dust off the stock. It merely 
means cutting out a whole lot of sizes 
and shapes that are really unneces- 
sary. 

“The Division of Simplified Prac- 
tice is doing a splendid work, but 
industry is not co-operating with it 
as it should. At the present time 
there are 44 dead projects—that is, 
projects which have been started but 
not followed through. Of these, 26 
are in mill supply items. 

“Something ought to be done to 
correct this situation. Our associa- 
tion should use what influence it has 
to push along projects having to do 
with mill supply lines.”.—L. G. 
PUCHTA. 


“Many manufacturers have been 
misled into accepting a concern as a 
distributor when it really isn’t. We 
distributors must distinguish between 
manufacturers who really support 
the distributor and those who don’t. 
The manufacturers we support must 
have definite national sales policies. 
The manufacturer who sells through 
distributors in certain sections of the 
country but direct in others does not 
deserve our support. In other words, 
we don’t want to back the fellow 
who is trying to carry water on both 
shoulders.”—J. L. Pitts, Brown- 
Roberts Hardware & Supply Co., 
Limited. 


One of the outstanding topics dis- 
cussed had to do with working out 
a plan for putting effective merchan- 
dising data into the hands of the 
distributor’s salesman and generally 
helping him to increase his efficiency. 
So important was this activity con- 
sidered that the American Supply 
and Machinery Manufacturers’ As- 
sociation appointed a committee 
under the chairmanship of R. W. 
Procter of the Black and Decker 
Manufacturing Co. to work out the 
details. ' 

A summary of’ the conclusions 
reached by the convention is as 
follows: | 

1. Distributors to expand local- 
group activities. 

2. Manufacturers to organize by 
industries. 

3. A plan of putting merchan- 


dising data into the hands of dis- 
tributors’ salesmen to be worked out. 

4. The distributor to support 
manufacturers who back him. 

5. Further consideration to be 
given the proposition of holding a 
Trade Practice Conference for the 
industry. 

6. Manufacturers to establish and 
enforce resale prices. 

7. Manufacturers 
definite national 
tribution. 


to set up 
policies of dis- 


-_—»—- — 


Severe Service 
in Foundries 


(Continued from page 325) 


belt conveyors and elevators to the 
molders’ hoppers. 

As the molds are poured and 
cooled they are shaken out on an- 
other conveyor, the castings are 
removed and the sand is carried into 
a revolving screen which permits the 
sand to go through but restricts the 
chills, rods and wires used in the 
core making from further travel. 

Duplicate conveyors are used in 
this connection on both sides of the 
shop, each 160 ft. long and driven 
by 15-hp. totally-inclosed, wound- 
rotor motors equipped with bronze 
sleeve bearings. It would be only 
natural to assume that the greatest 
source of trouble would be the dust 
and lack of ventilation below the 
floor level, but that is not the case. 
The rods from the molds have a 
tendency to work into the chain of 
this conveyor and throw it off the 
sprockets, causing considerable dam- 
age. This trouble has been remedied 
by the installation of limit switches 
about 10 ft. apart on each side of the 
conveyor chain runway and so ar- 
ranged as to allow but ¥% in. play 
between their tripping devices and 
the chain. These limit switches are 
connected in series with the magnet 
coil of the driving motor. 

When the cores do not come out 
of castings that are dumped on the 
conveyor, they are taken to the 
knockout, and then to the riddle to 
be broken up. The sand is salvaged 
for return to the system. 

As it is with the sand, so it is with 
motors and all other elements of 
power transmission equipment—as 
long as they are serviceable and can 
further withstand the effects of 
severe service conditions they are 
kept in operation for the functions 
they must perform, with or without 
protection as the case may be. 
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Severe Service in the 
Steel Industry 


(Continued from page 280) 


period of use it is believed that they 
may be reversed. All motor drives 
on this installation, as well as reduc- 
tion gearing, are totally inclosed. 

On the drives operating the stock 
bin gates, electric brakes are attached 
to the extended motor shafts to pre- 
vent drift and, consequently, incor- 
rect weights of material in a charge. 
Where the extended, shaft-type 
motor, which is standard equipment, 
is not equipped with a brake, a guard 
made up of gas pipe, electrically 
welded to strap-iron supports and 
braces, is placed over the end of the 
extended shaft as a safety measure. 

All power cables and control leads 
are lead-covered and steel-armored 
and they are carried overhead when- 
ever possible to keep them dry and 
out of danger. Couplings are soldered 
to the lead sheath so that a water- 
tight, dust-proof joint can be made 
to the control or switch box. 

Where flexible couplings are used 
on the 7¥%4-hp., 1,200-r.p.m. motors 
driving parts of this conveyor sys- 
tem, steel fabricated safety covers 
are installed. 

Here the blooming mill is driven 
by a 5,600-hp., 900-volt, 55/120- 
r.p.m., d.c. motor which in present- 
day ratings is considered to be 7,000 
hp. It averages 19 reversals per 
ingot and has not been known to fail, 
although it is under severe reversing 
service. Sufficient cushioning has 


been provided in special bolted 


couplings to take. up the load shocks. 
Every once in a while the bolts fail 
in the coupling between the motor 
and the mill, thereby saving the 
motor from undue strain. These 
bolts are the prescribed safety valves. 

As in the case of the skip hoist at 
the Ensley furnaces, every control 
board at this mill has its counterpart 
in a spare board, as shown in the 
illustration, so that failure in any 
degree at this point will not tie up 
operations. The defective board is 
cut out and the spare board is cut 
into the circuit, thereby permitting 
operations to continue. Just as soon 
as the defective board is cut out it 
undergoes immediate repairs by the 
maintenance man in charge. 

The contact''tips on. the panel 
board serving the two 100-hp. screw- 
down motors must be renewed about 
every two weeks, because motors re- 
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ceive rather rough treatment. Their 
acceleration and deceleration are 
very rapid, since they are continu- 
ally overcoming inertia loads. 

In the line of finished product from 
the mill there is an automatic spike- 
making machine turning rods into 
railroad spikes. It is driven by a 50- 
hp., 600-r.p.m., induction motor 
through reduction gears and a leather 
belt.. 

Outside of the charger crane no 
other machine at this plant is sub- 
ject to such severe service. It en- 
counters terrific shock loads, and its 
component parts are subject to heat 
and contamination from lubrication 
and dirt. Continual pounding loosens 
the bearings which, by their open- 
ing and closing, spatter oil on the 
belt and, to prevent the belt from 
slipping, necessitate the use of a 
weighted drive even though the cen- 
ters are not exceptionally short. 

As it is with machinery so is it 
with buildings and plant structures. 
The forces of deterioration are 
always at work. However, with a 
thorough knowledge of concrete and 
its insulating properties, decay can 
be deferred. Paints containing rust- 
inhibitive ingredients are generously 
used on most outside surfaces that 
are exposed to the elements. Wood 
is no longer used for permanent 
buildings except where steel and con- 
crete will not do. A particular case 
is that of the cooling towers men- 
tioned. After approximately 18 
years complete rebuilding must be 
done, because the steel work has been 
eaten away and the wood decayed 
through and through. 

—_——_———— 


Westirighouse Opens 
Light Exhibit 


EPICTING the application of 
D electric light to all phases of 

life, commerce and industry, 
the Westinghouse Lighting Institute 
has been opened in Grand Central 
Palace, New York City, the latter 
part of May. It will be conducted 
under the auspices of the Westing- 
house Lamp Company. 

The institute itself, occupying as 
it does the entire seventh floor of the 
Grand Central Palace, an entire city 
block of 40,000 sq. ft., has brought 
into this operation the increments of 





modern construction. Mazda Ave- 
nue is a typical city street and has 
fronting on it a modern home, a 
bank, a theatre, a combination gaso- 
line filling station, accessory store 
and office, an industrial building, a 
department store, a florist shop, and 
two completely equipped electrical 
stores; one typifying the average 
Central Station merchandising room, 
and the other representing an ideal 
example of an electrical store of av- 
erage size. Here, it may be possible 
to study layouts and show the effect 
of different plans. 

The unit devoted to industrial 
lighting should be of great interest 
to the readers’of INDUSTRIAL ENGI- 
NEERING. This section is housed in 
a room 44x40 ft. It consists of a 
demonstration of the various meth- 
ods of ordinary lighting, general 
lighting, local lighting, special appli- 
cation to specific needs such as bench 
assembly work, heavy press work, 
lathe work, fine work with local light 
required for sewing machines and in 
the printing industry. A system of 
automatic control of illumination 
with failing daylight is shown. 


ee 
Severe Service Con- 
ditions in Paper-Making 


(Continued from page 3209) 

from the others and consists of pre- 
cast concrete slabs covered with 2-in. 
cork sheets laid in asphalt and fin- 
ished with five layers of tarred paper 
painted with an _ asphalt-asbestos 
paint. This roof was put in in 1925 
and has stood up well. One of its 
important advantages is that it has 
reduced the amount of drip from the 
ceiling. 

Concrete floors containing a metal- 
lic hardener have been found to give 
the best service under our conditions 
and we use them throughout our 
plant. Our floors are subjected to 
heavy trucking, involving loads up to 
4,500 lb., carried on small-wheeled 
trucks, as well as water; hence, we 
find that the best service is obtained 
from floors that are poured integral, 
or all at one time. Edges or junction 
lines between blocks are soon broken 
down by trucking and necessitate 
expensive and not very satisfactory 
patching. 

In places where trucking is par- 
ticularly heavy, as in doorways and 
around scales, we use an iron grating 
set flush with the remainder of the 
floor and filled with concrete. This 
construction gives very good service. 
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NEw EQUIPMENT 


For Plant Operation and Maintenance 





Industrial plant executives concerned with the selection and 
operation of mechanical and electrical equipment will be in- 
terested in these new devices which are designed to improve 
plant operation or reduce operating and maintenance costs. 


Penn-Union Solderless 
Connector 


SOLDERLESS connector with a 
locking action which holds it tight 
permanently is being manufactured by 
se Penn-Union Electric Corporation, 
Erie, Pa., for use on high-tension and 
distribution lines. 

There are only four parts to handle 
in this connector, and it is claimed that 
it will not work loose from vibration or 
any Other cause, and that it makes a 
mechanically and electrically tight 
connection. 

In making a branch connection with 
the Penn-Union, simply lay the yoke 
of this connector over the main con- 
ductor, then slip the body over the 
sleeve which holds the branch con- 
ductor, push the body into the yoke, 
and tighten up the lock-nut. When the 
lock-nut is turned onto the yoke, a split 
wedge-shaped sleeve forces the body of 





Penn-Union “Tee” Solderless 
Connector 


the connector up tight against the main 
conductor. At the same time the sleeve 
clamps tighter to the branch, equalizing 
the pressure on the main and branch 
conductors. 

These connectors are made up in a 
complete line; elbows, tees, two-way, 
three-way and so on for use with solid 
rods, copper tubing and stranded cable. 


—@————— 


Bourne-Fuller Self-Aligning 
Belt Fastener 


HE Bourne-Fuller Company, 

Upson Works, Unionville, Conn., 

are placing on the market a belt fast- 

ener, designated as the “Self Aligning,” 

which consists of rust-proof plates and 
rivets. 

Application of the plates and rivets 
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Bourne-Fuller Self-Aligning Belt 
Fastener 


the wrong way is eliminated, according 
to the announcement, in that the rivets 
are aligned lengthwise of the belt by 
means of projections in the rivet holes 
which guide the rivets. 

With a light tap of the hammer, 
the plate is attached to the belt holding 
the plates square on the belt until the 
rivets are driven. 

Self-Aligning belt fasteners are 
standardized to 6 sizes of plates and 
9 lengths of rivets to fasten 2- to 8-ply 
transmission to 10-ply conveyor belts. 


————.g——_—_ 


G. E. Bottom-Pouring 
Melting Pot 


HE General Electric Company, 
Schenectady, N. Y., is marketing 
an electric metal-melting pot, desig- 
nated as Type RP, Form F, with a 
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G. E. Type RP, Form F, Electric- 
Metal Melting Pot 


The bottom 


bottom pouring spout. 
pouring feature is particularly applic- 
able in cases where it is impractical 
to ladle and where large quantities of 
metal are handled. 

It is adaptable for use in the printing 
industry for the resmelting and repig- 


ging of type metal, and in railway 
shops and automotive factories for the 
casting of babbitt bearings. It is de- 
signed for melting lead, babbitt, tin, 
solder, type metal and similar alloys or 
metal, except spelter or zinc, at tem- 
peratures not exceeding 950 deg. F. 
Standard equipment includes an auto- 
matic control panel and a temperature 
control instrument. Manual control is 
not recommended. 

Among the advantages of the rede- 
signed pot, as pointed out by the manu- 
facturer, are: Heat is generated right 
in the metal, affording quick heating 
and low radiation loss. Heating units 
are easily replaceable without inter- 
rupting production. The maximum rate 
of heating is obtained without over- 
heating. 

———_—_—_—. 


Cutler-Hammer Dust-Tight 
Inclosures for Starters 


hs development of dust-tight in- 
closing covers for their across-the- 
line automatic starters is announced by 
Cutler-Hammer, Inc., 150 12th St., 
Milwaukee, Wis. These inclosures are 
built in two types: for motors up to 
5 hp. the case is of cast-iron, and for 
larger sizes it is made of heavy-welded 
boiler plate. 

They are provided with a soft Para- 
rubber gasket between the cover and 
case. Eye bolts with wing nuts at the 





Cutler-Hammer A. C. Automatic 
Starter Inclosed in Dust-Tight Case 


sides hold the cover tight. In addition 
to being dust-tight, the small cast-iron 
inclosure is also weatherproof, it is 
claimed. It has the start, stop, and 
reset buttons mounted directly in the 
cover. The larger sizes have the reset 
button only in the cover and a separate 
dust-tight push-button station provides 
remote control. 

This dust-tight equipment will not 
replace Cutler-Hammer’s standard dust- 
proof inclosures, but it is to be offered 
as an option for installation in mines, 
woodworking plants, cement mills, flour 
mills, pulverizing plants and other in- 
dustries where the large amount of dust 
in the air may interfere with the 
efficient operation of the starter. 
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G. E. Flexible Cable 


Cy of the advantages claimed for 
the General Electric “BX” Arm- 
ored Bushed Cable recently developed 
by the General Electric Company, 
Schenectady, N. Y., is that it eliminates 
the use of tools for stripping. The 
doubled armored construction of this 
cable consists of a flexible steel armor 
and a kraft armor between steel and 
conductors. The kraft armor which 
replaces the outer braid requires no 
tools for removal. It strips automatic- 
ally to provide space for the “Anti- 
Short” bushing. 

The insertion of the “Anti-Short” 
fiber bushing between the sharp edges 
ot steel and the conductors increases 
the insulation at the most critical point 
of installation, and is a safeguard 
against grounds and repairs. 


———_<—————— 


Westinghouse Welding Gener- 
ator for Belted or 
Coupled Service 


HE Westinghouse Electric and 
Manufacturing Company, E. Pitts- 
burgh, Pa., recently added to its line of 
arc-welding equipment a 200-amp. gen- 
erator which is not provided with a 
driving unit. This unit is for use in 





Westinghouse Welding Generator for 
Belted or Coupled Service 


isolated places where electric power is 
not available and where driving power 
such as gasoline engines, steam engines, 
lineshafting, tractors, etc., are already 
at hand. 

The complete unit consists of a spe- 
cial, constant-current, Type SK welding 
generator with coupled exciter over- 
hung from the generator bracket, con- 
trol panel and reactor. The reactor is 
mounted separately. The overall 
dimensions of the generator are a 
minimum so as to permit mounting in 
the spaces allotted. 

The generator is differentially, com- 
pound-wound and designed for a single 





_ 
Niagara Slip Roll Former 


SLIP roll former, 3 in. in diameter, 

for working sheet metal has been 
added to their line by the Niagara 
Machine and Tool Works, Buffalo, 
N. Y. This roll former is intended for 
the forming of sheet metal in cylin- 
drical shapes. 

A feature emphasized by the manu- 
facturer is that “the operator works 
entirely at the handle end of the ma- 
chine thereby reducing to a minimum 
the time necessary for each job. No 
lifting of rolls is required. 
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This former, for which a patent has 
been applied, is of geared construction 
and is arranged with the top roll 
pivoted at the left hand end and which 
swings outward for the removal of fin- 
ished work. It is locked in the operat- 
ing position by a quick-releasing trig- 
ger mechanism. Roll adjustment is 
made without the use of wrenches. 

Three sizes are available: 3 by 36 in., 
3 by 42 in., and 3 by 48 in. They can 


be furnished for hand operation, pulley 
drive, or belted-motor drive. 








Niagara Slip Roll Former 





operator. The constant-current, vari- 
able-voltage characteristics of the 
generator together with the separately 
excited feature, insures a fast, steady 
and penetrating arc, it is claimed. 

The control for the generator is 
mounted on top of the generator frame 
and protected by a sheet metal cabinet. 
The control consists of a voltmeter, an 
ammeter, and a single-dial field rheostat 
for adjusting welding current over the 
entire current range. 

The generator is rated in accordance 
with N. E. M. A. standards, 1 hour 50 
deg. C. rise on a resistance load at 25 
volts. It has a welding range of from 
60 to 250 amp. and requires a driving 
unit whose maximum rating is: motor 
—10 hp.; lineshaft—15; gas engines— 
20 horsepower. 

——_< 


Binks Spray Guns 


CBs development of two spray guns, 
Models 205 and 245, for the paint- 
ing and finishing industries has been 
announced by the Binks Manufacturing 
Company, 3124 Carroll Ave., Chicago, 
Ill. The Model 205 spray gun for 
general painting purposes takes the 
place of Model 105 which was standard 





Binks Model 205 Spray Gun 


with the Binks Company for over 
6 years. 

The present gun is designed to pro- 
duce a faultless spray with greater 
speed. Self-centering nozzles give a 
more efficient spray coat and insure the 
even distribution of all paint solvents. 
The nozzle head is so designed that it 
is self adjusting. This safeguards 
against “off spray” and makes it pos- 
sible for the most inexperienced 
operator to get good results. 

Model 245 is a “Touch Up and Shad- 
ing Gun.” The featured improvements 
of this accessory center in the nozzle 
head which is self-adjusting. Thus, as 
with the Model 205, more efficient 
atomization results, “off spray” is elim- 
inated, and the perfection of the touch 
up job does not depend on the ability 
of the operator to adjust the nozzle 
head. 


Industrial Engineering—V ol.87, No. 6 

















Lidgerwood Vertical Capstan 


XOR moving freight cars and barges 
in industrial plants, the Lidgerwood 
Manufacturing Company, Elizabeth, 
N. J., are marketing a vertical capstan, 
known as the “Tugmore.” 
Compactness has been emphasized in 
the design, reducing the space require- 





Lidgerwood Vertical Capstan 


ments to 25 x 34 inches. It is claimed 
that with the installation of a Tugmore 
capstan, continuous loading or unload- 
ing may be maintained without the 
necessity of assigning a crew of men 
to shift cars by hand methods. The 
Tugmore has been made a standard 
type and is available from stock in five 
sizes: 5 and 7% hp. for a.c. service, 
5 and 7% hp. for d.c. service, and a 6- 
to 8-hp. twin-cylinder, air-cooled motor 
using gasoline or kerosene for fuel. 

Three types of anti-friction bearings, 
running in oil, are used in the Tugmore. 
Both electrical and gasoline types are 
of weathertight construction. 


—— 


Bowser Pre-Determined Liquid 
Measuring Device 


AT liquid meas- 
uring device that can be operated 
hy either pump or gravity pressure has 
been developed by the S. F. Bowser 
and Company, Fort Wayne, Ind. The 
Bowser Xacto Meter which has been 








Bowser Pre-Determined Liquid Meas- 
uring Device with Xacto Meter 
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on the market for the past few years 
is the measuring unit in this device. 

This device repeatedly measures, 
records, and discharges one fixed quan- 
tity of liquid, automatically, it is 
claimed. Engaging the discharge con- 
trol lever opens the discharge valve and 
starts the discharge. When this pre- 
determined quantity has been dis- 
charged the valve automatically closes, 
stopping the discharge. 

It can also be equipped with an elec- 
tric remote control switch for controll- 
ing the pump unit. The operation is 
the same as previously explained except 
that engaging the discharge control 
lever opens the discharge valve and 
starts the pumping unit simultaneously. 
When the pre-determined quantity has 
been discharged the valve automatically 
closes and the pumping unit stops. 

It may be used for measuring pre- 
determined quantities of gasoline, lubri- 
cating oil, and light greases to tanks, 
crankcases, transmissions, etc., on auto- 
mobile assembly lines and_ similar 


service. 
a 


Forsberg No. 4 Hacksaw 
Frame 


ORSBERG Manufacturing Com- 


pany, Bridgeport, introduces their 
No. 4 Bon-Ton hacksaw frame with 
tight-grip handle. 

This frame is adjustable for 8- or 
12-in. blades and is 33% in. deep. 





Forsberg No. 4 Hacksaw Frame with 
tight-grip handle 


a 


Roller-Smith Oil Switches and 
Circuit Breakers 


IL Switches and Circuit Breakers 

designated as Type “O,” made in 
capacities from 200 to 2,000 amp., from 
2,500 to 15,000 volts and with inter- 
rupting capacities from 20,000 to 40,000 
kva., have been added to the line of 
equipment manufactured by the Roller- 
Smith Company, 233 Broadway, New 
York, N. Y. They are made as two- 
pole and three-pole devices, automatic 
and non-automatic, single- and double- 
throw, for switchboard, wall and cell 
mounting; also for hand operation, 
normal and remote control and elec- 
trical operation. 

All necessary styles of trips and all 
the usual auxiliaries required in oil 
switch operation are available. A few 
of the outstanding characteristics of 
this line of oil switches follow: Con- 
tinuous laminated conductor from 
terminal to moving member. Moving; 
self-aligning contact of drawn copper. 
Arcing tips are of large volume of 
copper and are designed especially to 
utilize electro-magnetic stresses to in- 





Roller-Smith Class 11, 600-amp. 4,500- 
volt, three-pole, single-throw, oil cir- 
cuit breaker unit 


crease contact pressure. The entire 
mechanism is completely inclosed and 
is of the straight-line type. The frame 
is a heavy casting internally ribbed and 
dome-shaped for strength. The tank 
is lined with insulation material 
especially selected to resist the burning 
of the arc. The volumes for oil and 
gas expansion are exceptionally large. 


——.——— 


Westinghouse Metal 
Electrode Holder 


HE Westinghouse Electric and 
Manufacturing Company, East 
Pittsburgh, Pa., has recently announced 
a light, well-balanced and durable metal 
electrode holder, which is capable of 
handling all commercial sizes of elec- 
trodes up to and including % inch. 
The jaws of the holder are made of 
pressed metal parts with a minimum 
distance between the lower jaw and the 
upper handle, permitting accessibility 


of a — 


on 





Westinghouse Metal Electrode Holder 


to work in crowded places. The jaws 
are constructed to grip the electrode in 
any position or angle. This holder is 
furnished with or without the 5 ft. of 
flexible cable attached. The weight of 
the holder without the cable is approx- 
imately 18 oz. The lower current- 
carrying jaw is of sufficient cross sec- 
tion to carry a comparatively large 
current without overheating. 
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Perry Cantilever-Spring 
“Beltslacker” 


DEVICE, trade-marked “Belt- 

slacker” and designated as the 
cantilever-spring type is being manu- 
factured by Harry M. Perry, 638 N. 
Main St., Los Angeles, Calif., for use 
on long or short-center drives. This 
type was developed to meet the drive 


condition wherein the slack belt is on 


the bottom. 

Adjustable tension of the cantilever 
spring is provided by clamping it to a 
split sleeve which can be rotated on the 
hinge bar and clamped in any position. 
Two or more springs are used on very 
large drives. Another method of ad- 





Cantilever Beltslacker with 
cross bar adjustment 


Perry 


justing the tension by means of 2 nuts 
on the cross bar is shown in the accom- 
panying illustration. Either method, 
however, is available. 

Beltslackers are equipped with 
Timken tapered roller bearings; with 
threaded axle for adjustment, and 
bronze adjustable split hinge bearings. 


———— 


Fairbanks, Morse Portable 
Gasoline-Kerosene Engines 


LINE of gasoline-kerosene engines 

in ratings from 1% to 7% hp., 
recently announced by Fairbanks, 
Morse & Company, Chicago, IIl., incor- 
porate a number of interesting features. 
While the most radical departure from 
previous construction is in the all- 
inclosed, self-oiling feature, the port- 
able engine is quite different in 
appearance from other small engines of 
its type. 

The 1%4-hp. engine, which is a size 
used in a wide diversity of drives such 
as portable pumps, air compressors, 
generators, saws, grinders, polishers 
and similar uses, is less than 16 in. 
high, 22 in. long, 19 in. wide, and 
weighs 150 pounds. 

Two pulleys are provided, one of 
which operates on the engine speed of 
1,500 r.p.m. and the other at 750 r.p.m. 
There is also a mechanical regulator 
which permits slowing the engine down 
to 1,100 r.p.m. with, of course, propor- 
tionate reduction in horsepower. With 
two pulley speeds and the speed regu- 
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Fairbanks, Morse Portable Gasoline- 
Kerosene Engine with Working Parts 
Exposed 


lator, it is possible to meet the require- 
ments of almost any type of drive. 

Unit construction throughout makes 
the cylinder, water hopper, crank case 
and bearing support for both crank 
shaft and camshaft integral parts of 
the cylinder. Self-oiling is accom- 
plished through a special lubricating 
system. No grease cups are required. 
Removal of 18 bolts completely dis- 
mantles the entire engine. 


———_< 
Resilient Extension Cord Set 


SAFETY-TYPE extension lamp 
device, called the “Unicord,” has 
been placed on the market by the 
Resilient Terminals Company, 88 Tenth 
St., Oakland, Calif. Although this ex- 


tension cord set is particularly designed 
for heavy-duty service it is suitable for 
use wherever an extension cord is 


needed in industrial plants, shops, 
garages, commercial establishments, 
and so on. 


“Unicord” combines in one piece a 
lamp socket, a standard rubber cord and 
a terminal or plug. All plugs are 
covered with soft rubber thereby elim- 
inating danger of breakage. All of 
the units in the cord set are bonded in 
rubber and all connections are soldered, 





Resilient Terminals Rubber-Covered 
Extension Cord Set 


leaving no screws or rivets to work 
loose. This complete rubber sealing 
makes this lamp vapor and liquid proof 
and eliminates the possibility of wires 
working loose and causing a short 
circuit. 

The “Unicord” extension lamp set is 
made in standard cord lengths of 20, 
25, and 30 ft. Additional footage can 
be secured if desired. 





a 


Electric Arc Cutting and Welding ‘“Dualarc” Generator 
EVERSING the series field at theseThe unit is mounted on a structural 


999 


switchboard of the “Dualarc 
generator, developed by the Electric 
Arc Cutting & Welding Company, 152- 
158 Jelliff Ave., Newark, N. J., permits 
the operator to obtain either 20-40 volts 
at the welding handle for use with 
metallic electrodes, or 40-60 volts for 
carbon arcs, also heavy padding, as well 
as compensating for voltage drop in 
the welding cable should the work be 
at a distance from the machine. 
“Dualarc” consists of two, ball- 
bearing equipped, interpole self-excited 
generators having special field connec- 
tions, closely coupled and directly 
driven by a standard induction motor. 


steel base plate to which wheels can 
be added for portable use. 

“Dual control” is provided by means 
of grid resistors and field rheostats 
mounted behind the slate panels con- 
taining voltmeters, ammeters, d.p.d.t. 
series field switches and plugging-in 
terminals. The grid resistors control 
current variation while the field rheo- 
stats control the voltage. 

Other provisions consists of a 
reactance coil to automatically stabilize 
the arc at the welding handle. Auto 
transformers provide service for port- 
able drills and grinders, trip hammers, 
lighting, etc., at the machine. 





Electric Arc Cutting and Welding “Dualarc” Generator 
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Janette Speed-Reducing 
Power Unit 


HE motor-driven speed reducer re- 

cently introduced by the Janette 
Manufacturing Company 556 W. Mon- 
roe St., Chicago, IIl., consists of a 
worm-and-gear reduction unit inclosed 
in a cast-iron housing which is bolted 
to a motor frame. The flange of the 
gear casing forms the end frame of the 
motor. The unit is available with 
motors ranging in capacities from. 1/30 
to % hp., and with speed reductions 
ranging from 20 to 1 up to 50 to 1. 
Standard gear ratios may be obtained 
as follows: 20, 26, 32, 34, 38, 40, 44 
and 50 to 1. Special gear ratios will 
also be furnished. With a motor speed 
of 1,750 r.p.m. countershaft speeds are 
obtainable from 87.5 down to 35 revo- 
lutions per minute. 

The worm is of hardened steel and 
the gear is of Bakelite. The gear 
housing is made oil-tight and is filled 
with oil at the factory. No further 





Janette Speed-Reducing Power Unit 
for right-angle drive 


lubrication is required during the life 
of the unit except an occasional greas- 
ing of the front motor bearing. Motor 
bearings are of the Fagnir ball-bearing 
type. Standard Janette motors are fur- 
nished in either d.c., split-phase, or re- 
pulsion-induction a.c. types. 


— 


Lincoln Across-The-Line 
Safety Starter 


DEVICE, designated as the “Safety 

Starter,” which starts the motor 
directly across the line has been placed 
on the market by the Lincoln Electric 
Company, Cleveland, Ohio. The starter 
is controlled by the Lincoln Safety 
Pushbutton which is standard equip- 
ment furnished with the across-the-line 
starter. 

East of installation, extreme accessi- 
bility to all operating parts, and rugged 
construction are some of the advan- 
tages offered by the manufacturer 
Only four screws are required to hold 
the starter in place. Releasing two 
other screws permits the contactor 
panel to swing out thereby making the 
lead contacts easily accessible. A cover 
of the drop-hinge type incloses the 
entire mechanism and permits the in- 
stallation of starters closely grouped. 
_ Long life is assured to contact points, 
it is claimed, by the wiping action 
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Lincoln 
Starter 


Across-the-Line Safety 
With Pushbutton Safety 
Switch 


which prevents pitting and by the 
cadmium-plated steel shields which 
provide an instantaneous thermal and 
magnetic quench for the arcs. Arc 
chimneys are of heavy-pressed mag- 


’ nesite which shield against currents far 


higher than any to which the starter 
will ever be subjected. The relay arma- 
ture has a cushion action which re- 
duces wear and is provided with 
replaceable bronze bearings. It is 
actuated by a substantial spring of the 
coiled type, 





The Safety Pushbutton provides an 
additional safety factor to the Safety 
Starter in that the red stop button en- 
circles and protects the green start 
button so that it is impossible to close 
the starting circuit unintentionally. 
The Safety Pushbutton can be mounted 
on the side of the starter box or ar- 
ranged for remote control. 


Ee cane 


Dixon Paints 


EVERAL changes in its line of 

paints have been announced by the 
Joseph Dixon Crucible Company, Jer- 
sey City, N. J. The range has been 
increased from 8 to 14 colors which 
include a straight aluminum paint and 
a standard Red Oxide paint. The 
Aluminum paint contains a durable 
spar varnish as its vehicle which, ac- 
cording to the manufacturer, gives 
great resistance to the elements and 
insures the life and brilliancy of the 
aluminum pigment. There is no pre- 
cipitation of pigment it is claimed. 

Dixon’s Utility Paints have been 
added as standards, three of which are 
graphite-pigmented, the fourth pig- 
mented with oxide of iron. These 
paints are made in four standard colors. 
Dixon’s Maintenance Floor Paints have 
been developed for the protection of 
wood, composition, linoleum, and con- 
crete. floors. This group is made in 
eight standard colors. 





RD 


Paasche Air Painting Unit 


oe portable air painting 
unit for railroads, contractors, and 
master painters requiring units of suf- 
ficient capacity for 4 to 8 high pressure 
or 8 to 15 low pressure airbrushes has 
been introduced by the Paasche Air- 
brush Company, 1909-1923 Diversey 
Parkway, Chicago, Ill. The unit con- 
sists of the Worthington air compres- 
sor of the hopper-cooled Feather Valve 
type and the Novo two-cylinder, radi- 
ator cooled roller bearing engine with 
magneto ignition. These units are 


mounted on a reinforced channel-iron 
chassis equipped with four wheels or 
skids as desired. 

The announcement further states that 
a standard A. S. M. E. air tank equalizes 
the pulsation and the patented water, 
oil and dirt separating unit gives dry, 
clean air. This unit can be used for 
light sand blasting and, in conjunction 
with the larger Paasche airbrushes such 
as types UC and UD, for handling 
cement wash, asphaltum paints and 
other heavy materials. 








Stephens-Adamson JFS Speed 
Changer Ball-Bearing 
Equipped 
Fee sizes and types of the JFS Vari- 

able Reducer Transmission devices 
have been equipped with five ball bear- 
ings in each frame at vital points ac- 
cording to a recent announcement made 
by the Stephens-Adamson Manufactur- 
ing Company, Aurora, Ill. There are 
two ball bearings supporting the high- 
speed shaft and two supporting the 
variable-speed shaft. 
Lubrication of every running part is 
assured, it is claimed. The internal cir- 





Stephens-Adamson Variable Reducer 
Transmission Ball-Bearing Equipped 


culation of the oil bath is accomplished 
through the actual splashing of the re- 
volving parts. The oil drain in each 
bearing cavity is arranged at sufficient 
height to insure a constant supply of 
lubricant at all times. 


——— 


Wallace “Workace Radial 
Saw” 


NNOUNCEMENT has been made 
by the J. D. Wallace & Company, 
Chicago, IIl., of the development of a 
portable, electrically-driven saw, desig- 
nated as the “Workace Radial Saw,” 
which is easily adjusted to cut at any 
angle, and which may be used for cross 
cutting or ripping, dadoing or grooving, 





a 





Wallace “Workace Radial Saw” 


rabbeting, routing, panel raising, shap- 
ing, sanding, and many other operations. 

With an 8-in. blade it cuts 2% in. 
deep; a 9-in. blade cuts 3 in. deep. 
The saw travels 191% in. in the arm and 
is adjustable vertically 534 inches. 

The motor which derives its power 
from the ordinary lighting or power 
circuit, is of the universal type and 
equipped with ball bearings. The saw 
bearings are bronze; lubrication, is 
automatic force feed. 
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“Trape Literature 
You Should Know About 





Copies of literature which is described on this page can be 
obtained by writing to the manufacturer whose name and address 
are mentioned. It is always advisable to state the name and 
number of bulletin or catalog desired, as given in these columns. 


(129) INpusTRIAL SIGNALS—Two in- 
teresting illustrated booklets on indus- 
trial signals have just been issued. One 
is entitled “The Industrial Howler” and 
is devoted principally to the motor- 
driven howler. The other, entitled 
“Make Your Signal System Effective” 
shows a number of specific applications 
of Benjamin industrial signals—Ben- 
jamin Electric Manufacturing Com- 
pany, Des Plaines, III. 


(130) CreLitE—A new 24-page illus- 
trated circular entitled “Celite for Con- 
crete” is now off the press. Celite is a 
product recently added to the Johns- 
Manville line. — Johns-Manville, 292 
Madison Ave., New York, N. Y. 


(131) EvectricaL Propucts—Catalog 
29 contains detailed descriptions of 
Pro-Duct Wiring Trough and Fittings, 
Safety Switches, Fusenters and Safto- 
fuse, Unit-Versal Lighting Panels and 
Cabinets. Saftofuse Feeder Panels 
Cabinets, Dead Front Safety Switch- 








Coming Events 


Association of Iron and Steel Electrical 
Engineers—Iron and Steel Exposition. 
(The Power Show of the Iron and Steel 
Industry) Wm. Penn Hotel, Pittsburgh, 
Pa., June 17-21, inclusive. Inquiries for 
booth reservations address J. F. Kelly, 
Managing Director, Empire Bldg., Pitts- 
burgh, Pa. 

American Institute of Electrical Engi- 
neers—Summer convention, 


1929. New Oceanhouse, Swampscott, 
Mass. Pacific Coast Convention, Sept. 
1-6, 1929, Santa Monica, Calif. F. L. 


Hutchinson, National Secretary, 33 W. 


39th Street, New York City. 


National Association of Power Engi- 
neers—417th Annual Convention, Chat- 
tanooga, Tenn., Sept. 9 to 13, inc. The 
Power and Mechanical Exhibition will 
be conducted in conjunction with the 
convention. Ivon F. Pieters, president, 
Plibrico Jointless Firebrick Company, 
1800 Kingsbury St., Chicago, Ill. S. M. 
Chapman, secretary, 5909 Kennerly Ave., 
St. Louis, Mo. 

Chattanooga Power and Mechanical 
Exposition, in conjunction with 47th Con- 
vention of the National Association of 
Power Engineers. Chattanooga, Tenn., 
Sept. 9-13, inc. Frank N. Chapman, care 
of A. Leschen & Sons Rope Co., 5909 
Kennerly Ave., St. Louis, Mo., secretary 
of the National Exhibitors’ Association. 


Illuminating Engineering Society—23rd 
Annual Convention, September 24 to 27 
incl., Bellevue-Stratford Hotel, Phila- 
delphia, Pa., Illuminating Engineering 
Society, 29 West 39th St., New York City. 


National Factory Show—The first Na- 
tional Factory and Industrial Production 
Exposition will be held in Chicago in the 
early part of 1930. G. E. Pfisterer, presi- 
dent, The National Factory and Indus- 
trial Exposition, 308 West Washington 
St., Chicago, Il. 








June 24-28,: 


boards, Knife Switches and Switch- 
board parts. — Bull Dog Electric 
Products Company, Detroit, Mich. 


(132) LiInesTARTERS — Leaflet No. 
20403 describes the class 11-210 re- 
versing linestarters for squirrel-cage 
induction motors.—Westinghouse Elec- 
tric and Manufacturing Company, East 
Pittsburgh, Pa. 


(133) Waste ELIMINATION—A 16- 
page booklet, S. P. 1840 entitled, “A 
Campaign to Prevent Waste” recently 
published, tells in a pictorial way, the 
methods and procedure employed by the 
Westinghouse Company in the cam- 
paigns it has conducted against waste 
within its organization.—Westinghouse 
Electric & Manufacturing Company, 
East Pittsburgh, Pa. 


(134) Circuit BREAKERS — Special 
publication 1836, entitled, “The Deion 
Circuit Breaker,” consists of a series 
of A. I. E. E. papers together with 
Electrical World and Electric Journal 
articles which have been published re- 
cently covering the theory and develop- 
ment of the Deion circuit breaker and 
field tests which have been applied to 
it—Westinghouse Electric & Manufac- 
turing Company, East Pittsburgh, Pa. 


(135) Atr-JAcKETED Motors—Bul- 
letin 151, 3rd revision, contains a dis- 
cussion of dust, fume and moisture 
problems requiring special protection 
for motor and property— Wagner Elec- 
tric Corporation, 6400 Plymouth Ave., 
St. Louis, Mo. 


(136) ConcrETE FLoors—A 28-page 
booklet entitled “Omicron The Fifth 
Ingredient” illustrated with graphs, 
photographs and microphotographs to 
show resistance to wear and disintegra- 
tion of concrete floors—Master Build- 
ers Company, 7016 Euclid Ave., 
Cleveland, Ohio. 


(137) Automatic Or LuBRICATION 
—Bulletins B-1 and B-2 fully illus- 
trate and describe the application and 
care of the Blanchard Pulsating Sys- 
tem for automatic oil lubrication.— 
Rivett Lathe and Grinder Corporation, 
Brighton, Boston, Mass. 


(138) CasTER AND TRUCK WHEELS— 
Catalog No. 22, Canvas Cushion Caster 
and Truck Wheels and “Indestructo” 
Swivel and Rigid Casters. — Divine 
Brothers Company, Utica, N. Y. 
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